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Option 004 
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Measure total harmonic distortion and intermodulation distortion 
with one mstrument — 


THIS OPTION FITS RIGHT IN THE 1700B DISTORTION MEASUREMENT SYSTEM 


Measures Intermodulation Distortion down to .0025%. 


70 dB Output Attenuator tracks 1700B Input Switch for 
rapid measurements, works when measuring THD, too. 


Available with automatic set level to cover between 10 dB 


steps for even faster operation. 


4:1 and 1:1 ratios are switch selectable. No HF or LF adjust- 
ment required. 


Continuously adjustable LF:HF ratio lets you choose the 
ratio you want using the 1700B meter. 


Measures peak equivalent single-tone voltage or power. 


© SOUND TECHNOLOGY 


& 1400 DELL AVENUE 
Fae] CAMPBELL, CALIFORNIA 95008 
i (408) 378-6540 


Specifications 


MEASUREMENT SECTION 


All 1700B specifications and performance features are re- 
tained with the following additions. 


intermodulation Distortion Ranges: 0.01% to 100% full 
scale in 9 ranges. 

Residual Intermodulation Distortion and Noise: < 0.0025% 
with internal generators set at 4:1 for input signals greater 
than 0.3V (10 mw across 8Q2). < 0.004% for input signals 
0.1V to 0.3V. : 
intermodulation Distortion Accuracy: +2% full scale. 

Peak Equivalent Single Tone RMS Voltage Accuracy: +2% 
full scale. 


GENERATOR SECTION 


Output attenuator and vernier control the single tone sine- 
wave oscillator output as well as the intermodulation dis- 
tortion generator output. All 1700B oscillator specifications 
apply except output level control is via the attenuator and 
output impedance is 6002. 


Output Voltage: 1mV to 3V open circuit, peak equivalent 
single tone RMS. 

Output Attenuator: 70 dB in 10 dB steps, accurate within 
+0.1 dB. 

Output Vernier: > 10 dB range, continuously adjustable. 
Output Impedance: 6002. +1%. 

Low Frequency Generator: 50 or 60 Hz synchronized with 
power line. Total Harmonic Distortion < 0.1%. 

High Frequency Generator: 7 kHz +1%. 

LF/HF Ratio: Switch selectable 4:1 +1% or 1:1 +2%. Con- 
tinuously variable from 1:1 to > 100:1 with HF amplitude 
control. 


GENERAL 
Weight: Adds 5 Ibs. to 1700B weight. 


Data subject to change without notice. 
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WARRANTY 


te 


All new Sound Technology products are warranted against defects in materials and work- 
manship for one year from the date of delivery. Any instrument or component that is found 
to be defective within the warranty period after examination by Sound Technology or an 
authorized representative thereof will be repaired or replaced without charge for labor or 
eta No other warranty is expressed or implied. We are not liable for consequential 
amages. 


Before returning a product to Sound Technology for service, authorization must be ob- 
tained from the factory. For products not covered by the warranty, a purchase order should 
be forwarded to avoid unnecessary delay. Please include instrument model number and serial 
number with all requests for parts or service to facilitate the fastest possible response. 


All products returned to the factory must be shipped prepaid. For products under war- 
ranty, Sound Technology will pay for shipment back to the customer. 


SEGCTEON, I 
GENERAL INFORMATION 


1-1. INTRODUCTION 


This supplement provides operating and service information for the Model 1700B 
Intermodulation Distortion (IMD) Analyzer Option 004. The information contained in the 
supplement pertains to the IMD option only. Consult the Model 1700B manual for additional 
information regarding primary power requirements, grounding details, and cabling 
instructions. 


1-2. MEASUREMENT TECHNIQUE 


The IMD option is based on the SMPTE (Society of Motion Picture and Television 
Engineers) method to measure IMD whereby a large 60-Hz signal is combined with a small 
7 kHz signal in a four-to-one amplitude ratio. Passing this combined (composite) signal 
through a non-linear device results in the appearance of new frequencies above and below 
7 kHz in multiples of 60 Hz. The effect of these new frequencies is amplitude modulation 
of the 7 kHz signal, which can be detected. 


The component parts of the IMD option include a signal source and an IM analyzer. 
The signal source generates a low-frequency sinusoid and a high-frequency sinusoid that 
are mixed and fed to the input of the device under test. Level controls are provided so 
that the amplitude of the composite signal can be set to the desired level. The signal 
from the output of the device under test is then fed back to the analyzer circuits of 
the IMD meter. A high-pass filter removes the low frequency, leaving only the high 
frequency together with any possible low-frequency modulation. This signal is input 
to an envelope detector (or absolute value detector) resulting in only the rectified 
carrier with its amplitude varying at a low-frequency rate. A low-pass filter removes 
the carrier, leaving only the modulation products. The amount of these products is in- 
dicated on the meter in terms of percentage of the high-frequency signal passed through 
the high-pass filter. 


1-3. IMD OPTION 


This option adds IMD measurement capability to the Model 1700B Distortion Measurement 
System. It employs the IMD measurement technique described above and in addition provides 
the user with a number of unique operating features. These are detailed in the following 
paragraphs. 


The IM signal source contains a 60 Hz low-frequency oscillator and a 7 kHz high- 
frequency oscillator. Controls on the front panel permit a rapid selection of a composite 
test signal having fixed low-frequency to high-frequency ratios of 4:1 or 1:1 plus a var- 
iable ratio of greater than 16:1 to 1:1. The amplitude of the test signal is controlled 
by an accurate 10 dB-per-step attenuator with a range of 70 dB and by a 10 dB vernier 
control. The amplitude of the composite test signal can be measured directly in peak 
equivalent rms single tone voltage or power. This parameter, specified by the Institute 
of High Fidelity for IMD measurements, is defined as the voltage or power level of a Sine- 
wave signal having a peak value equal to the peak value of the composite IM test signal. 
The ability to make this measurement eliminates the need for meter reading conversion or 
matching oscilloscope waveforms. 


The IMD option combines with the Model 1700B input circuits to provide the option 
with a differential input configuration. In operation, the IM analyzer is capable of 
measuring IMD at all power levels between one milliwatt and ten kilowatts across eight 
ohms, with a residual intermodulation distortion of less than .0025 percent (.004 percent) 
at one milliwatt). Meter sensitivity ranges from 100 percent to .01 percent full scale. 
The analyzer can also measure the LF-to-HF voltage ratio of the IM test signal from (a) 
input to the device under test or (b) output from the device to the analyzer. When the 
analyzer is used with a Model 1700B fitted with Auto Set Level (Option 003) it is 
possible to perform IMD testing within the range of one milliwatt to ten kilowatts with- 
out adjusting the SET LEVEL control. This feature facilitates testing volume compressors/ 
expanders and similar non-linear devices. Operation with the Auto Set Level option also 
permits the user to switch from Total Harmonic Distortion (THD) testing to IMD testing 
without having to make adjustments to compensate for the frequency response of the device 
under test. 


1-1] 
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MEUTIVIN Ld 


OPERATION 
2-1. CONTROLS and INDICATORS 
The data sheet at the front of this supplement describes the controls and indicators 


on the front panel of the Model 17008 IMD option. The following provides additional 
explanatory information. 


a. OFF pushbutton -- Switches system measurement mode from intermodulation distortion 
(IMD) to total harmonic distortion (THD). System is in THD mode when pushbutton is 
ie 


b. PK EQUIV V/PWR pushbutton -- Selects measurement mode whereby meter displays amplitude 
of IM test signal in peak equivalent rms single tone voltage or power. 


c. OQUTPUT ATTEN control -- Varies level of IM test signal in 10 dB steps. 


d. OUTPUT VERNIER control -- Varies level of IM test signal over a 10 dB range. 
NOTE 
When the IMD option is installed in the 1700B, the output signal is routed through 
the output attenuator and output vernier at all times, regardless of whether the 
instrument is in the IMD or THD mode of operation. 


e. RATIO slide switch -- Selects desired low-frequency to high-frequency amplitude 
ratio of composite IM test signal. Two fixed ratios (4:1 and 1:1) are available. 
The VAR (variable) position allows selection of a ratio variable from greater than 
16:1 to 1:1 with adjacent HF AMPL control. 


f. HF AMPL control -- Adjusts LF:HF ratio of composite IM test signal when RATIO slide 
switch is set to VAR position. MAX setting (fully clockwise) selects a 1:1 ratio. 


g. HF ONLY pushbutton -- Turns off low-frequency oscillator. When pushbutton is in, 
only the high-frequency signal is present at SIGNAL OUTPUT connector. 


h. LF ONLY pushbutton -- Turn off high-frequency oscillator. When pushbutton is in, 
only the low-frequency signal is present at the output. 


i. SET LEVEL pushbutton -- Selects set level function whereby meter displays amplitude 
of reference high-frequency signal required for IMD measurement. 


j. ADJUST control -- Adjusts amplitude of reference signal for IMD measurement. 


k. ERROR indicator -- Lights during Auto Set Level (Option 003) operation when adjacent 
ADJUST control is incorrectly set. Correct setting is achieved by turning ADJUST 
control until indicator is extinguished. Light will also go out if composite input 
Signal is either below 20% or greater than 150% of full scale. 


1. IMD pushbutton -- Selects intermodulation distortion measurement function. 


m. IM indicator -- Lights when system is in IMD measurement mode i.e., whenever PK 
EQUIV V/PWR, SET LEVEL, or IMD pushbutton is in and HF ONLY and LF ONLY pushbuttons 
are out. 


2-2. OPERATING INSTRUCTIONS 
Bea) TES PASE TURE 


Refer to Section I of the Model 1700B manual and connect the equipment as shown 
in Figure 1-1. Also, read and follow the instructions given in paragraphs 1-6 through 1-9 
of the same manual before making any IMD measurements. Sync the test oscilloscope to the 
line frequency and set sweep speed to 5 msec/div. 


2-4. IM DISTORTION MEASUREMENT WITH 4:1 or 1:1 LF:HF AMPLITUDE RATIO. 
To measure intermodulation distortion with a 4:1 LF:HF composite signal, proceed 
as follows: 


a. Set Model 1700B ADJUST control to CAL position or AUTO (for auto set level). 
b. Set IM RATIO switch to 4:1. seu 
c. Press PK EQUIV V/PWR pushbutton. : 


d. Ensure that HF ONLY and LF ONLY pushbuttons are in the out position. 

e. Set Model 1700B INPUT switch to desired range setting. Adjust OUTPUT 
ATTEN switch and OUTPUT VERNIER control for desired rms peak equivalent 
single tone voltage/power reading. Ensure that meter indication is in upper 
two-thirds of scale. 

f. Push IM SET LEVEL pushbutton and turn adjacent ADJUST control until meter 
reads full scale. Omit this step if using auto set level. (See Section 2-6) 

g. Push IMD pushbutton. Adjust Model 1700B RATIO switch until meter 
deflection is in upper two-thirds of scale, if possible. 

h. Read distortion in either percent or dB as indicated by meter deflection 
and RATIO switch range setting. For example, if meter reads .67 and RATIO 
range is 0.1 PERCENT, distortion reading is .067%. . 

i. To switch the 1700 to the THD mode, push the OFF pushbutton on the IM panel. 


NOTE 


It is normal for the 1700B oscillator to go through a few cycles of stabilization 
when switching from the IMD mode to the THD mode. This is due to the power supply for the 
main oscillator being turned off when in the IMD mode. 


To make an IM distortion reading with a 1:1 LF:HF signal, set the IM RATIO switch to 1:1 
and then carry out steps c through i above. Signal output level will increase about 55% 
when switching from 4:1 to 1:1. 


2-5. IM DISTORTION MEASUREMENT WITH NON-STANDARD LF:HF RATIO 


To perform an IM distortion measurement using a LF:HF amplitude ratio other than 4:1 
or 1:1, proceed as follows: 


a. Set Model 1700B ADJUST control to CAL position or AUTO (for auto set level). 
b. Set IMD option controls as follows: 


PK EQUIV V/PWR pushbutton ----------------------------------------- IN 

IM RATIO switch ----------------------------------------- 2225-5 ---- VAR 

LF ONLY pushbutton ------------------------------------------------ IN 

HF ONLY pushbutton ----~-------------------------------------------- OUT 

ANALYZER SELECT --------------------------------------------------- INPUT or GENERATOR 


OUTPUT AS DESIRED 


c. Adjust Model 1700B INPUT switch, and OUTPUT ATTEN and OUTPUT VERNIER controls for 
a full-scale reading on an appropriate meter voltage scale. | 

d. Calculate inverse of desired LF:HF ratio. For example if desired ratios is 16:1, 
inverse would be 1:0.0625, LF:HF. 


e. Set LF ONLY button to out position and press HF ONLY pushbutton. Now adjust HF AMPL 


control until meter indicates relative high-frequency level determined in step d. 
For example, for a 16:1 ratio, the HF AMPL control should be adjusted to obtain a 
meter reading of .0625 of full scale. The INPUT switch can be stepped down to 
obtain a more accurate reading of the high-frequency signal. For the 16:1 ratio, 
the INPUT switch can be stepped down two positions, adjusting the meter reading to 
.625 on the 0-1.0 meter scale. 

f. Now set HF ONLY pushbutton to out position and follow steps c through 7 of 
paragraph 2-4. 


2-6. IM DISTORTION MEASUREMENTS WITH AUTO SET LEVEL SET 


To make an IM distortion measurement using a Model 17008 fitted with the Auto 
Set Level option proceed as follows: 


a. Turn Model 1700B ADJUST control fully counter-clockwise past CAL position 
until detent position is reached. This activates the Auto Set Level circuit. 
The gain of the intermodulation analyzer must be within a certain range for 
the Auto Set Level to function correctly. The ERROR indicator lights whenever 
the intermodulation analyzer gain is not within the necessary gain "window". 
In this event, turn the IM ADJUST control until the ERROR indicator is 
extinguished. For a further explanation of this see section 3-3. 

b. Follow steps described in paragraphs 2-4 and 2-5. 

c. Observe ERROR indicator; rotate IM ADJUST control until an off "window" is 
found; then set the IM ADJUST control to the window's approximate center. 

d. To switch the 1700B to the THD mode, push the OFF pushbutton on the IM 
panel. (It is normal for the 1700B oscillator to go through a few cycles 
of stabilization when switching from the IMD mode to the THD mode.) 


ae 


SECTION III 
PRINCIPLES OF OPERATION 


3-1. INTRODUCTION 


This section contains a functional description of the IM signal source and the 
IM analyzer - the principle components of the IMD option. For a description of the IMD 
measurement technique employed by the option and a description of its operating features, 
refer to Section I of this supplement. 


3-2. IM SIGNAL SOURCE 


Refer to the schematic diagram in Section VI of this manual. The IM signal source 
consists of two Wien bridge RC oscillators, a summing amplifier, and an output attenuator. 
The low-frequency (LF) oscillator operates at 60 Hz and is synced to the line frequency. 
The oscillator has an output amplitude of 6.3 volts rms (nominal). The high-frequency (HF) 
oscillator operates at 7 kHz and also has an output of 6.3 volts rms (nominal). The HF 
oscillator is optimized for maximum amplitude stability. The signals from both oscillators 
are coupled to the input of a summing amplifier that supplies the composite IM test signal. 


The amplitude ratio of the two frequencies is controlled by varying the amplitude of 
“the HF signal input to the summing amplifier. When the front-panel RATIO slide switch is 
set to the 1:1 position, the full 6.3 volts rms (nominal) HF signal is delivered to the 
summing amplifier. When the RATIO slide switch is set to the 4:1 position, a resistive 
divider attenuates the HF signal by a factor of four, so that the HF level at the summing 
amplifier output is one-quarter that of the LF level. When the RATIO switch is set to VAR 
position, a potentiometer controlled by the front-panel HF AMPL knob permits the level 
of the HF input to the summing amplifier to be set to any level between zero and 6.3 volts rms. 


The IM signal source is operable only when the IMD switch is set to the IM (out) 
position. This disconnects dc operating voltage from THD low-distortion oscillator and 
allows the 60-Hz and 7 kHz oscillators to turn on. When the IMD OFF switch is pressed, dc 
power iS connected to the THD low-distortion oscillator and at the same time dc voltages are 
applied to the two IM oscillator circuits biasing them to an off state. 


The output attenuator consists of a ladder-type step attenuator in series with a 10-dB 
"L" attenuator. The ladder section has attenuation steps of 0, 20, 40 and 60dB, changing 
at every second setting of the front-panel OUTPUT ATTEN switch. Thus, the attenuation of the 
ladder section is 0 dB for the O-dB and 10-dB switch settings, 20 dB for the 20-dB and 30-dB 
settings etc. The 10-dB "bL" section is bypassed on the O-, 20-, 40-, and 60-dB switch 
settings and connected in series with the ladder section on the 10-, 30-, 50-, and 70-dB 
settings. This provides the output attenuator with a range of 0 dB to 70 dB in 10-dB steps. 
The attenuator has a constant output impendance of 600 ohms. 


3-3. IM ANALYZER 


The following is a discussion of the IM analyzer board and Model 1700B circuits that 
comprise the IM analyzer. Refer to the schematic diagrams in the Model 1700B manual and 
Section VI of this manual for circuit details. 


The IM test signal from the device under test is connected via the Model 1700B INPUT 
terminals to the INPUT attenuator and from there to the differential input buffer and 
differential-to-single-ended buffer. The ouput signal from the buffer amplifier (in the 
range of 1 to 3.16 peak equivalent volts), is coupled via a passive 2-pole high-pass filter 
to the input buffer. The filter attenuates the 60Hz component of the IM signal by approx- 
imately 26 dB. The gain of the input buffer is variable from 2 to 100 by the front panel IM 
ADJUST control. This allows the amplitude of the signal at the output of the IM buffer 
(TP1) to be set to approximately 3.16 volts, the correct set level for the IM distortion 
measurement. 


From the IM input buffer, the signal is connected to an active 7-pole, high-pass filter 
having a cut-off frequency of 2kHz. This attenuates the 60 Hz by a further 210 dB, leaving 
only a pure 7 kHz sine wave plus any amplitude modulation caused by the non-linearity of 
the device under test. From here, the signal is connected to an absolute value detector 
that rectifies the 7 kHz waveform. 


When the IM SET LEVEL pushbutton is pressed the output of the absolute value detector, 
which is essentially a dc level representing the amplitude of the 7 kHz component of the 
test waveform, is connected through switch S3 to the front panel meter. This permits 
monitoring the amplitude of the HF component of the input signal for Set-Level adjustments. 


The output of the absolute value detector is also coupled to a 7-pole, low-pass filter 
with a cut-off frequency of 500 Hz. This removes the 7 kHz component from the rectified 
signal, leaving only the intermodulation products. The output from the low-pass filter 
is connected to the THD RATIO attenuator and distortion amplifier through OFF switch, Sl]. 
The amplifier output is 31.6 mV full scale for each attenuator setting. 


An IM measurement is made by pressing the IMD pushbutton, connecting the distortion 
amplifier output via the auto set level option and the IM meter amplifier to the front 
panel meter. If the auto set level option is not fitted, the signal is jumpered directly 
from the distortion amplifier to the IM meter amplifier. Also, when the system is in the 
IM measurement mode, a relay bypasses the 400 Hz and 80 kHz filters located between the 
distortion amplifier output and the input of the auto set level circuit. This relay is on 
the THD analyzer board and activated through a contact on relay KI, located on the IM 
analyzer board. 


When the PK EQUIV V/PWR pushbutton switch S2 is pressed, the output of the THD meter 
preamplifier is connected via the IM peak detector to the front-panel meter. The THD 
meter preamplifier has a 31.6 mV full scale output on each range of the INPUT attenuator 
and the peak detector buffer has a gain of approximately 22. This changes the 31.6 mV 
full scale signal to approximately one volt peak at the peak detector input and causes 
one milliampere of current to be supplied to the meter for a full scale reading. 


The peak detector, consisting of U9 and associated components, operates as a 
summing amplifier. The input to the circuit may be considered to be at the junction of 
capacitor C46 and resistor R36. The detector responds to negative input peaks. Meter 
current (average one milliampere full-scale) flows back to the summing point through 
resistor R38. If the peak negative input current through R36 exceeds the feedback current, 
the output of U9 will go positive and add charge to C55 through emitter-follower Q1. This 
added charge will then increase the average meter current: As long as the output of U9 
swings positive each cycle, Q2 will conduct each cycle, thus holding down the voltage on 
C54 and preventing Q3 from conducting. If the peak input current does not exceed the feed- 
back current, the output of U9 remains clamped negative by diode CR5 at approximately 
0.7 volts. In this event, the voltage on C54 will rise, and Q3 will conduct to quickly 
reduce the charge on C55. This allows the meter to respond quickly to a decreasing signal 
level. 


The Auto Set Level option provides automatically controlled gain at the output of 
the distortion amplifier to compensate for a 10 dB range of input signal. For THD measure- 
ments, gain is simply controlled by the input signal level, which is the reference for the 
measurement. For IMD measurements, the reference for the measurement is not the input 
signal (total composite signal) but rather the level of the high-frequency (7 kHz) component. 
Yet, the input signal level indicated on the front panel meter (pk equiv v/pwr) during the 
measurement is proportional to the peak value of the composite signal. 


For the Auto Set Level to operate over a 10 dB range of peak equivalent volt/power 
level, it is necessary that the SET LEVEL control be adjusted such that when in the SET 
LEVEL mode, the meter reads within approximately plus or minus 2 dB of the meter deflection 
when in the PK EQUIV V/PWR mode. This places the output of the absolute level detector in 
the proper range to control the auto set level circuit. Once the SET LEVEL control is 
properly set, no further adjustment is required unless the low-to-high frequency ratio at 
the analyzer input is changed. Now, the 7 kHz level (absolute value detector output) tracks 
the input signal level (peak detector output). 


In order to avoid possible readout error due to an incorrectly adjusted SET LEVEL 
control, a "window" detector is incorporated in the IM analyzer. This circuit consists 
primarily of operational amplifiers U14 and U15. U14 turns on ADJUST light-emitting diode 
CR24 if the output of the absolute value detector, as divided down by resistors R68, R/0 
and R71, exceeds the output of the peak detector by approximately 2.5 dB. The peak 
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detector output is derived from the voltage developed across resistor R38. Conversely, 
U15 turns on the ADJUST indicator if the output of the peak detector exceeds the output 
of the absolute value detector, as divided down and appearing at pin 3 of UI5, by 
approximately 2 dB. 


Operational amplifiers U16 and UI7 act in a similar manner to disable the ADJUST 
indicator (by absorbing the drive current through R79) if the peak equivalent volt power 
reading is much too low (less than 20 percent of full scale), or too high (greater than 150 
percent of full scale). Here the peak detector output is simply compared to dc levels. 

Q4 is used to turn off the ADJUST indicator when the instrument is not in the auto mode of 
operation. If the auto set-level option is not installed, R79 is removed. 


The reader may be interested to know that in the U17/U18 comparator circuit, diode 
CR22 is a redundant component. If the output of U17 goes negative, it pulls the output 
of U16 negative through the pin 8 connections. Therefore CR22 may be used as a Spare 
diode. 


SECTION IV 
MAINTENANCE 


4-1. _INTRODUCTION 


This section provides a performance check, adjustment and calibration procedures, and 
troubleshooting information for the IMD option. 


4-2. TEST EQUIPMENT 


Recommended test equipment for performance checking and troubleshooting is listed in 
Table 4-1. Test instruments other than those described can be used provided their 
specifications equal or exceed those listed. 


TRE 


AC-DC DIGITAL 
VOLTMETER 


Table 4-1. Required Test Equipment 


REQUIRED SPECIFICATIONS USE RECOMMENDED 
INSTRUMENT 


Fluke Model 
8000A 


Range: ImV to 2V Calibration 


Accuracy: 0.1% + 1 digit 


Audio “Frequency Range: to 8 kHz Calibration Sound 
Generator Technology 
Model 1700 B 


or 1400A 


Hewlett-Packard 
Model 1200A 

or Philips 
Model 3232 


OSCILLOSCOPE Calibration 


Bandwidth: 500 kHz 

Defection Factor: 
5 mV/div 

Number of Channels: 


4-3. PERFORMANCE CHECK 
4-4, INTRODUCTION 


The performance check for the IMD option consists of an intermodulation residual 
distortion test. If the performance limits are exceeded in the following paragraph, refer 
to the troubleshooting hints in paragraph 4-16. 


4-5. INTERMODULATION RESIDUAL DISTORTION TEST 


a. Connect equipment in test configuration shown in Figure 1-1 of Model 1700B 
manual except connect a cable from SIGNAL OUTPUT/GENERATOR OUTPUT connector of 
Model 1700B directly to its INPUT terminals. Set Model 1700B ADJUST 


control to CAL position. 


Set IMD option controls as follows: 


IM RATIO switch ----------9------- 220-222 n neo oen n= 7 == 4:1 

HP ONEY DUSNDUS CON on ol ee eee out 

LF ONLY pushbutton ------------------------<------<--------- out 
OUTPUT ATTEN ‘SWItCh --=-< <n 6~ ~ ama ne Ba am ai aa acme 0 dB 
OUTPUT VERNIER control ------------------------------------- max CW 


Press PK EQUIV V/PWR pushbutton and set INPUT switch to 3 VOLTS range. 

Press IMD SET LEVEL pushbutton and rotate adjacent ADJUST control for a full-scale 
reading on meter. 

Press IMD pushbutton and set RATIO switch to -80 dB/.01 PERCENT range. Check that 
meter reading is .0025% or less. 


4-6. ADJUSTMENT AND CALIBRATION PROCEDURE 


4-7. 
4-8. 


This procedure should be performed whenever the results of the performance check 
(Paragraph 4-3) clearly establish the need to do so. After successfully performing in 
sequence the procedure in Paragraphs 4-7 through 4-15, the IMD option is considered to be 
calibrated. 


NOTE 


When performing this procedure ensure that only the equipment and cables 
specified are connected to the instrument. 


a. 


IM GENERATOR 


OSCILLATOR ADJUSTMENTS 


Set front panel controls as follows: 


PK EQUIV V/PWR pushbutton ------------------------------ in 

HF ONLY pushbutton ------------------------------------- out 

LF ONLY pushbutton ------------------------------------- in 

RATIO switch ------------------------------------------- bal 

OUTPUT VERNIER ----------------------------------------- max CW 

OUTPUT ATTEN switch ------------------------------------ OdB 

FAST RESPONSE/LOW DISTORTION switch -------------------- Fast Response 
THD ADJUST control ------------------------------------- CAL 


(Ignore an indicated overload condition) Remove sync from LF oscillator 

either by removing connection to power transformer (#7 on Generator Board) or 

by lifting one end of C19. Connect SIGNAL OUTPUT to a scope with horizontal 
sweep ( 5 ms/cm) synced to power line. Adjust R4 for a stationary pattern 

(LF oscillator running at line frequency). It may be necessary to adjust 

FET bias (R8) to keep oscillator running as R4 is adjusted. Restore LF osc. sync. 


Connect a cable between SIGNAL OUTPUT connector and INPUT terminals. 

LF ONLY pushbutton ------------------------------------- out 

Measure Q6 gate voltage (an easy place to measure is at Cll, .033 uf.). 
Allowable range is 1.0 to 2.0 Vdc. If out of range, adjust R23 for a 


reading 1.5 Vdc. Isolate gate voltage from voltmeter probe with a 10 K ohm 
resistor. 


Measure Q3 gate voltage (an easy place to measure is at collector of Q2. 
Don't forget 10 K isolation!). Allowable range is 1.0 to 2.0 Vdc. If out 
of range, adjust R8 for a reading of 1.5 Vdc. 


Press HF ONLY pushbutton. Adjust OUTPUT VERNIER control until front panel 
meter reads exactly full scale. 
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4-9. 4: 


d. 


Change-front panel controls as follows: 


HF ONLY pushbutton ----------------------------------- out 
LF ONLY pushbutton ----------------------------------- in 


Without changing setting of OUTPUT VERNIER control, carefully adjust R13 until 
front panel meter indicates same full-scale reading obtained in Step C above. 


Repeat Step d above. If it was necessary to readjust R8, repeat Step g. 


DIVIDER CONFIDENCE CHECK 


Change front panel controls as follows: 


INPUT switch ----------------------------------------- 3V 
RATIO switch ----------------------------------------- 4:] 


Adjust OUTPUT VERNIER (and/or R44) for a front panel meter reading as close as 
possible to 2.40 Vac. 


Change front panel controls as follows: 


HF ONLY pushbutton ----------------------------------- in 
LF ONLY pushbutton ----------------------------------- out 
INPUT switch ----------------------------------------- Ti 


Check that front panel meter reads 0.60 + .02 V. 


4-10. IM ANALYZER 


4-11. PEAK DETECTOR AND THD SIGNAL LEVEL ADJUSTMENTS 


a. 


g. 


Connect DVM in parallel with cable connected between SIGNAL OUTPUT connector 
and INPUT terminals. 


Change front panel controls as follows: 


HF ONLY pushbutton ------------------------------------ out 
LF ONLY pushbutton ------------------------------------ in 


Adjust OUTPUT VERNIER and OUTPUT ATTEN controls (and/or R44) for DVM reading of 
0.800 Vac. 


Change front panei controls as follows: 


HF ONLY pushbutton ------------------------------------ out 
LF ONLY pushbutton ------------------------------------ out 


Adjust R34 on IM analyzer board for an exact full-scale reading on front panel 
meter. 


Change front panel controls as follows: 


INPUT switch ------------------------------------------ 3V 
OUTPUT ATTEN switch ----------------------------------- 0 dB 
OUTPUT VERNIER ------------------ aaa all alti max CW 


Adjust R44 (IM generator board) for a full-scale reading on front panel meter. 


4-12. ABSOLUTE VALUE DETECTOR OFFSET NULL 


flo 


Remove input signal and set INPUT switch to 3V. 
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Connect DVM between TP4 and ground (negative end of C34). 
Set DVM to its most sensitive range. 


Adjust R22 for DVM reading of less than + .003Vdc. 


MEASUREMENT CALIBRATION 


Connect a cable between SIGNAL OUTPUT and the INPUT terminals with the high 
side of the SIGNAL OUTPUT connected to the + INPUT terminal. 


Connect a 47 kilohm resistor to the + INPUT terminal. 


Connect an external audio oscillator between the -INPUT terminal and the floating 
end of the 47 kilohm resistor. 


Set front panel controls as follows: 


PK EQUIV V/PWR ----------------------------------------- in 

RATIO -------------------------------------------------- ual 

HF ONLY ------------------------------------------------ in 

LF ONLY ------------------------------------------------ out 

OUTPUT ATTEN ------------------------------------------- OdB 

INPUT ----------- ween nnn nn o-oo ne eee 1 Volt Range 
RATIO ------------------------------------------------- -40dB(1%) 
THD ADJUST --------------------------------------------- CAL 


Connect vertical input of oscilloscope to DISTORTION OUTPUT. Set controls as 
follows: 


Vertical Sensitivity ---------------------------------- 20 mV/cm 
SWe@p ----------------------------- o-e --------e 5 ms/cm 
SYNC -------------------- 9-22-22 oe eee Internal 


Set external audio oscillator frequency to approximately 7 kHz. 


With output of external oscillator reduced to zero, adjust OUTPUT VERNIER for 
1700B meter reading as close to exact full scale as possible. 


Change front panel controls as follows: 


OUTPUT ATTEN ----------------------------------------- 70 dB 
LF ONLY ---------------------------------------------- in 
INPUT ------------------------------------------------ .0O1 volt range 


Adjust output of external oscillator for a meter reading as close to exact 
full scale as possible. 


Change front panel controls as follows: 


LE ONLY -S---~sS 8h 2h SoS eee ee eee eee out 
OUTPUT ATTEN ------------------------------------.--- OdB 
INPUT ----------------------------------------------- 3 Volt range 


Adjust the frequency of the external oscillator for a 10 to 15 ms 
period of the sinc wave appearing on the scope. 


Adjust IM SET LEVEL control for an exact full scale reading on the meter. 


Depress IMD pushbutton. Adjust R63 on the IM Analyzer board for an exact full 
scale reading. 


4-14. AUTO SET LEVEL ADJUSTMENT 


a. Turn THD ADJUST control to AUTO position. Adjust R6 on the auto set level board 
for an exact full-scale (1.00%) reading. 


b. Switch INPUT switch to 10 volt range. Check that reading is 1.00 + .02%. 
4-15. TROUBLESHOOTING 


Before attempting to troubleshoot the IMD Option ensure that the fault is with the 
option and not caused by the test setup or associated equipment. The performance check 
(Paragraph 4-3) enables this to be determined without having to remove the covers. 


If an abnormal condition is observed during the performance check, table 4-2 will 
Suggest remedies. However, before proceeding with detailed troubleshooting, note the 
troubleshooting hints contained in paragraph 3-29 of the Model 1700B Manual. 


4-16. SYMPTOM/CAUSE TABLE 
Table 4-2 contains symptoms of IMD option malfunctions and provides diagnostic tests 


for the location of these faults. Following the repair of a defective component, refer 


to paragraph 4-1 for instructions regarding any necessary calibration and/or adjustment 
procedures. 


Table 4-2. IMD Symptom-Cause Table 
Probable Cause | Diagnostic Test 


er, 


1Abnormally high 


level of residual 
IM distortion, 
distortion product 
is random noise. 


Abnormally high 
level of residual 

IM distortion, 
distortion product 
is multiple of 60-Hz 


Amplitude of 60-Hz 
oscillator is 
unstable, or 
oscillator is not 
synced to line. 


4-17. COMPONENT REPLACEMENT - CALIBRATION AND ADJUSTMENT 


7 kHz oscillator 
amplitude instability, 
Q6 gate voltage 

out of adjustment. 


(1) Nonlinearity in IM 
generator summing 
amplifier U3, IM analyzer 
buffer U1. 

(2) Nonlinearity in THD 
buffers U101, U102, U103. 


Q3 gate voltage out of 
adjustment. 


Measure dc level at 
gate of Q6 on IM 
analyzer board. 
Reading should be 
between 1.0 and 2.0 
Vde. 


(1) Replace U3, Ul. 


(2) Replace U101, 
U102, U103 


Measure dc level of 

gate of Q3 on IM 
generator board. 

Reading should be 
between 1.0 and 2.0 

Vdc. Check freq. adjust- 
ment per 4-8a. 


If Ul or U2 in the generator section are replaced, do the oscillator adjustments, 
section 4-8. In general, changing IC's in the analyzer section do not require re-adjustment. 
The exception is U6 in the Absolute Value Detector. 
adjustment at TP4, section 4-12. 


4-18. ACCESS TO LOW-DISTORTION OSCILLATOR 


Changing U6 would require the zero 


In order to reach the low-distortion oscillator assembly, it is necessary to move the 


IM analyzer board mounted above it. 


a. Remove top cover from instrument. 


4-5 


To reach the oscillator, proceed as follows: 


b. Locate metal shield on which IM analyzer board is mounted. 


c. Remove four screws attaching this shield to instrument. Do not remove screws 
securing IM analyzer board to shield. 


d. Carefully move shield back until pushbuttons on board clear rear of front panel. 

e. Move shield until it is located vertically above center of instrument. Insert 
upper edge of instrument's center divider into slot on edge of IM analyzer shield. 
This holds board in a position that permits access to oscillator. 

f. Replace IM analyzer board following reverse procedure. 

SECTION V 
MODIFICATIONS FOR EUROPE AND JAPAN 
5-1. DIN (EUROPE) 

a. The Low Frequency Oscillator is set at 250 Hz and is not synchronized with 
the power line. The High Frequency Oscillator is at 8 kHz. The IM measurement 
then conforms to DIN 45403, Page 4 - "Measurement of non-linear distortion in 
electroacoustics; intermodulation method", and DIN 45500, Page 6 - "Hi-Fi 
techniques, requirements for amplifiers". 


A scope sync (250 Hz) is available at a BNC connector on the rear panel. 


The Passive, High-Pass Filter has been changed to have a cut-off frequency of 
3.9 kHz. 


The Low-Pass Filter has been changed to have a cut-off frequency of 1.25 kHz. 
b. The following parts have been changed: 


Reference Description Stock No. Qty. 


Designators 
IM Analyzer Board 


Glo €2 .02 uf, 1%, 33V, plystr 2025-0004 2 
C3, C4 .0068 uf, 2.5%, 63V, plystr 2025-0016 2 
C32 .0082 uf, 1%, 33V, plystr 2025-0002 1 
C37 .082 uf, 1%, 33V, plystr 2025-0005 1 
C36 .0033 uf, 2.5%, 63V, plystr 2025-0014 1 
C36A 680 pf, 2.5%, 63V, plystr 2025-0019 1 
R46, 47, 48, 49 5.23 K, 1%, 1/8W, MF 1015-1523 4 
IM GENERATOR BOARD 

Cy. 02 022 uf, 2.5%, 63V, plystr 2025-0029 2 
R18, 20 10K, .25%, 1/8W, MF 1005-2100 2 
R17 10K, 1%, 1/8W, MF 1015-2100 1 
R16 52.3K, 1%, 1/8W, MF 1015-2523 1 
R3, 5 28.7K, 1%, 1/8W, MF 1015-2287 2 


c. Also, the following changes or additions have been made: 


Replace R4 (5K trim-pot) with a jumper. 

Remove R2 (15K, 5%, 1/4W) from board. . 

Remove sync cable to IM generator Board (pad 7). 

Add shielded cable between pad 5 on generator board and BNC scope sync 
connector on rear panel. 


Pwhr- 


5-2. 50/60 Hz OPERATION (JAPAN) 


The Low Frequency Oscillator is set to 60 Hz and is free-running. A scope sync is 
available at a BNC connector on the rear panel. Sections 5-1-C-2,3,4 above are applicable. 
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SECTION VII 
SPARE PARTS 


7-1. INTRODUCTION 


This section contains information for ordering replacement parts, and provides the 
following details: 


Sound Technology part number. 

Circuit diagram reference designator. 
Description of part. 

Total quantitites used. 


Ou) OF 


7-2. ORDERING INFORMATION 


When ordering replacement parts, each part must be identified by a Sound Technology 
part number. To order a part, include the following information: 


Instrument model number. 
Instrument serial number. 
Description of part. 

Function and location of part. 


a00 


Address your order or inquiry to: 


Sound Technology 
1400 Dell Avenue 
Campbel 1 
California, 95008 
(408) 378-6540 
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FPURIHASED 


PART NO 
A2B6A-HHBH 


16635-1.787 


1.4QS-2158 


1406-8616 


1466-0641 


14@0-0012 


3O0035-HHGs 


7368-0689 
so0o6-B608 
2600-GGnHE. 
S00-HG1 1. 
G17 O8-1.429 
8178-1 Axa 
83 7 BH-1LBR2 
61 /GA-1973% 
41. 7°E0-s3684,.7 
41.768-=20018 
417 OG-R36024 


B41 -mSe—saon4.- 


ris rar Ty I cara 


PART > 

DESCRIPTION 

DIODE-LEP RED 

CR24. 25 

RES-FRD 7. &7K @. 25” 1.7°8N ME 
R32 

RES-FXP 15. SK @. 25e 18M MF 
R27 

RES-VAR SK 16% MOD. LOG. CARBON 
Rs. 

RES-VAR SK 14 
REG 

RES-VAR 1K 3@% CCW MOD. LOG. CAR 
Re 

SWITCH-SLIDE DPST MINIATURE 

af 

MANUAIL—IMA OPTION 
PUSHBUTTON-WHI TE 

KNORB-ROUND 142 0D.1/78 ID BEIGE 
KNOB-1/2 DIA, 1" SKIRT. BEIGE 
SHIEID-IM ANALYZER 
BRACKET-KEAR IM 

TRIM PL.ATE-IMA 

SWITCH PLATE-YMA 

ASSY-FC, IM ANALYZER 

PC-HSSY YM SIGNAL GENERATOR 
ATTEN SWITCH ASSEMBLY. 1M OPT 


3 


2 LINEAR CARBON 


ALS SY’—FP co. 


IM ANALYSER 


PART NO 
8605-4886 


91.66-8064. 
6168-6014 
6166-6016 
6288-6008 
8265-8642 
1615-66158 
1615-9691.9 
1615-4182 
1615-1140 
1615-1137 
1615-12898 
1915-1232 
1615-12361 
1815-1.422 
1615-1499 
1615-1523 
1615-1681 


1815-17415 


DESCRIPTION 

TRANS 2NSGS2 NPN SI 

Q1i-4 

Ic-OP AMP 7441 

U2. 2,4, 6, 7.16, 11.12 
IC-OP AMP 2665 GRADE 6 BLUE 
U1,9 

OP-AMP %361C 

US, 8. 13-17 

DIODE-GEN 1N914A SI 
CR3-S, 7-22 

DIODE-ZENER 1N75@ 4. 7¥V 
CR6 

RES-FaxD 16 12 1/°8W MF 
RSS. 64.65 

RES-FXD 19.6 1” 1/°8W MF 
R8 

RES-FXP 182 12 1/°8W MF 
R66 

RES-FRD 1K 442 18H MF 
R6. 23. 35, 36. 77 

RES-FRD 1. 87K 1% 1/°8W MF 
Ri2 ; 

RES-FRD 2K 44 41°8W MF 
R29. 30 

RES-FRD 2. 32K 142 178W MF 
R38 

RES-FRP 3. G1K 1a 1/7°8W 
RS 

RES-FRD 4. 22K 12 1°8HW MF 
R24 

RES-FRD 4. 99K 4% 1/°8H MF 
R20 

RES-FXP 3S. 22K 14 1/7°8W MF 
R14 

RES-FxD 6. S1K 14 178HW MF 
Rid 

RES-FRD 7. 15K 12% 17°8W MF 
R27. 28 


ha 
{und 


BEEP Roe BW 


AMAL WS e re 


SMWOAOSSMVsS VeEed 


oTy 


Se See Oe Ol 8 ao GS ee 


ees ae a eS) eS) 


Ie Tricor caer 


PART NO 
1615-1953 


1615-2186 


1615-214. 


1915-2134 


1615-2133 


1915-2158 


1615-2261. 


1815-2316 
1015-2365 
1615-2374 
1915-2392 
1915-2487 
1199-9922 
1169-0027 
1.186-8091 
1196-61906 
1199-95190 
11.@9-1108 
1188-1.320 
1196-21.08 
1190-2330 
1198-24708 
1199-3100 
1198-4199 
1.414@-ag04. 
1419-0992 
1419-9904 
2960-9995 


2908-8807 


‘2000-8818 


2600-89056 
2608-81,50 
26680-0476 
2026-4062 
2625-8882 


2825-0643 


(724 


DESCRIPTION 

RES-FXD 9. 53K 4% 1/8HW 
R7Q, 72 

RES-FXD 19K 4% 4/8W MF 
R1-5, 18,19, 21, 38-S3, 74 
RES-FXD 14. 3K 1% 1/@W MF 
R14 

RES-FXD 13. @K 41% 1/78 MF 
R46-49 
RES-FXP 13. 3K 1% 1/8W MF 
RAS 

RES-FXD 415. 8K 1% 1/8 MF 
RE7 

RES-FXD 26.4K 4% 1/8W MF 
R74 

RES-FXD 34. 6K 4% 172M MF 
R76 

RES-FXD 36. 5K 1% 18M 
R7S , 
RES-FXD 37. 4K 4% 178M MF 
RES 

RES-FXD 39. 2K 1% 1/8W MF 
R13, 34, 32 

RES-FXD 48. 7K 1% 178M MF 
R? 

RES-FXD 22 5% 474M 


R62 

RES-FRD 27 Sex 14u 
R41 

RES-FRD 94 Sx 1/74W 
R6G, 61 


RES-FHD 104 Se” 174hW ; 
RIA4, 56, 57, 69 

RES-FAD S1i@ az 1/74W 
R45. 8a 

RES-FRPD 1K Se 14h 

R4o, 42. 58, 72, 79 

RES-FRD 3. 3K 3S” 1/4W 


R39 

RES-FRD 16K 3H 1/74W 
R44 

RES-FAD 33K Sx 1.74W 
R43 

RES-FRD 47K Sx 174h 
R37 

RES-FAD 106K Sx 1/4W 
R26 

RES-FRD 1M Sez 174M 
RSS, Sa 


RES-VAR 14@ TRIMPOT CERMET 
R6S 
RES-VAR S5S@@ TRIMPOT CERMET 
R34 
RES-VAR SK TRIMPOT CERMET 


R22 
CAP-FRD SPF 162 S@@V MICA 
C4z 


CAP-FXD 7PF 5% S@aV MICA 

cé9 : 
CAP-FXP 1@PF 5% 5@@¥ MICA 

c2e 

CAP-FXD S6PF S% S@6V MICA 

Cys 52. 

CAP-FXD 15@PF 5% S@aV MICA 
C27, 56 

CAP-FXD 47@PF 5% S@6V MICA 

c47 

CAP-FXD @. @56LIF 16% 1.004 MYLAR 
ceé 

CAP-FXD @. @@82UF 1% 33V PLYSTR 
c8-18 

CAP-FXD @. G1UF 1% 33¥ PLYSTR 
C13.14.17.18, 26 


ea rts 


A Ww 


io) 


SS 8 eo. SS “C2 8" Se: *9; (8. 6) So -8' 8) OS re, OS Oe ees 


oe 3. 9 


5 
} 
, 


S) 


© 


Ss Oo S&S Oo 9 


a 
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PART NO 
2025-9804 


2625-8087 
2625-9018 
2025-0015 
2@25-@017 
2025-80829 
2625-8038 


2646-9908 


2646-9002 
‘2196-000 
2498-001 
24.a6-Aeax 
2199-Ge04 
2106-80085 
2100-a006 
2190-9012 
3615-aae7 
3185-9000 
3420-ae88 
2120-s880 
24156-9902 
2490-002 


3460-6665 


8Souek-8060 
61796-5017 


Bo Pee — See 
Pt S| ore 


PART NC 
BBHH—-HaG1 


Aue S—-Beae 


AB2Zh—-Geed 


G1 AG—-HAE 
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WARRANTY 


All new Sound Technology products are warranted against defects in materials and work- 
manship for one year from the date of delivery. Any instrument or component that is found 
to be defective within the warranty period after examination by Sound Technology or an 
authorized representative thereof will be repaired or replaced without charge for labor or 
material. No other warranty is expressed or implied. We are not liable for consequential 
damages. 


Before returning a product to Sound Technology for service, authorization must be ob- 
tained from the factory. For products not covered by the warranty, a purchase order should 
be forwarded to avoid unnecessary delay. Please include instrument model number and serial 
number with all requests for parts or service to facilitate the fastest possible response. 


All products returned to the factory must be shipped prepaid. For products under war- 
ranty, Sound Technology will pay for shipment back to the customer. 


1700B Modification Notice 


0-1 INTRODUCTION 


The Sound Technology Model 1700B Distortion Measurement System, first 
introduced in January, 1976 incorporates two design refinements not found 
on the 1700A. These refinements consist of two momentary front panel switches; 
one which replaces the oscillator signal at the SIGNAL OUTPUT jack with a 
floating short, and another which allows the operator to monitor the oscillator 
output signal with either the AC Voltmeter or Distortion Analyzer. 


The reader should be aware that the terms, "1700A" and "1700B" are 
interchangeable as used throughout this manual. 


O-1 OPERATION 


a. Signal Off Switch 


When depressed, this switch replaces the front panel SIGNAL OUTPUT jack 
with a floating short circuit. This enables the user to make signal to 
noise ratio measurements without the necessity of disconnecting cables. 


b. Analyzer Select Switch 


When this switch is depressed, the INPUT connectors are temporarily 
jsolated and instrument is now monitoring the signal that appears at 
the SIGNAL OUTPUT Jack. The user may select either volts/power or 
DISTORTION function pushbuttons and measure the oscillator output 
voltage or residual distortion. 
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SECTION I 
GENERAL INFORMATION 


1-1. INTRODUCTION 


This supplement provides operating and service information for the Model 1700B 
Intermodulation Distortion (IMD) Analyzer Option 004. The information contained in the 
supplement pertains to the IMD option only. Consult the Model 1700B manual for additional 
information regarding primary power requirements, grounding details, and cabling 
instructions. 


1-2. MEASUREMENT TECHNIQUE 


The IMD option is based on the SMPTE (Society of Motion Picture and Television 
Engineers) method to measure IMD whereby a large 60-Hz signal is combined with a small 
7 kHz signal in a four-to-one amplitude ratio. Passing this combined (composite) signal 
through a non-linear device results in the appearance of new frequencies above and below 
7 kHz in multiples of 60 Hz. The effect of these new frequencies is amplitude modulation 
of the 7 kHz signal, which can be detected. 


The component parts of the IMD option include a signal source and an IM analyzer. 
The signal source generates a low-frequency sinusoid and a high-frequency sinusoid that 
are mixed and fed to the input of the device under test. Level controls are provided so 
that the amplitude of the composite signal can be set to the desired level. The signal 
from the output of the device under test is then fed back to the analyzer circuits of 
the IMD meter. A high-pass filter removes the low frequency, leaving only the high 
frequency together with any possible low-frequency modulation. This signal is input 
to an envelope detector (or absolute value detector) resulting in only the rectified 
carrier with its amplitude varying at a low-frequency rate. A low-pass filter removes 
the carrier, leaving only the modulation products. The amount of these products is in- 
dicated on the meter in terms of percentage of the high-frequency signal passed through 
the high-pass filter. 


1-3. IMD OPTION 


This option adds IMD measurement capability to the Model 1700B Distortion Measurement 
System. It employs the IMD measurement technique described above and in addition provides 
the user with a number of unique operating features. These are detailed in the following 
paragraphs. 


The IM signal source contains a 60 Hz low-frequency oscillator and a 7 kHz high- 
frequency oscillator. Controls on the front panel permit a rapid selection of a composite 
test signal having fixed low-frequency to high-frequency ratios of 4:1 or 1:1] plus a var- 
jable ratio of greater than 16:1! to 1:1. The amplitude of the test signal is controlled 
by an accurate 10 dB-per-step attenuator with a range of 70 dB and by a 10 dB vernier 
control. The amplitude of the composite test signal can be measured directly in peak 
equivalent rms single tone voltage or power. This parameter, specified by the Institute 
of High Fidelity for IMD measurements, is defined as the voltage or power level of a sine- 
wave Signal having a peak value equal to the peak value of the composite IM test signal. 
The ability to make this measurement eliminates the need for meter reading conversion or 
matching oscilloscope waveforms. 


The IMD option combines with the Model 1700B input circuits to provide the option 
with a differential input configuration. In operation, the IM analyzer is capable of 
measuring IMD at all, power levels between one milliwatt and ten kilowatts across eight 
ohms, with a residual intermodulation distortion of less than .0025 percent (.004 percent) 
at one milliwatt). Meter sensitivity ranges from 100 percent to .01 percent full scale. 
The analyzer can also measure the LF-to-HF voltage ratio of the IM test signal from (a) 
input to the device under test or (b) output from the device to the analyzer. When the 
analyzer is used with a Model 1700B fitted with Auto Set Level (Option 003) it is 
possible to perform IMD testing within the range of one milliwatt to ten kilowatts with- 
out adjusting the SET LEVEL control. This feature facilitates testing volume compressors/ 
expanders and similar non-linear devices. Operation with the Auto Set Level option also 
permits the user to switch from Total Harmonic Distortion (THD) testing to IMD testing 
without having to make adjustments to compensate for the frequency response of the device 
under test. 
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SECTION II 
OPERATION 


2-1. CONTROLS and INDICATORS 


The data sheet at the front of this supplement describes the controls and indicators 
on the front panel of the Model 1/700B IMD option. The following provides additional 
explanatory information. 


a. OFF pushbutton -- Switches system measurement mode from intermodulation distortion 
(IMD) to total harmonic distortion (THD). System is in THD mode when pushbutton is 
in. 


b. PK EQUIV V/PWR pushbutton -- Selects measurement mode whereby meter displays amplitude 
of IM test signal in peak equivalent rms single tone voltage or power. 


c. QUTPUT ATTEN control -- Varies level of IM test signal in 10 dB steps. 


a. OUTPUT VERNIER control -- Varies level of IM test signal over a 10 GB range. 
NOTE 
When the IMD option is installed in the 1700B, the output signal is routed through 
the output attenuator and output vernier at all times, regardless of whether the 
instrument is in the IMD or THD mode of operation. 


e. RATIO slide switch -- Selects desired low-frequency to high-frequency amplitude 
ratio of composite IM test signal. Two fixed ratios (4:1 and 1:1) are available. 
The VAR (variabie) position allows selection of a ratio variable from greater than 
16:1 to 1:1 with adjacent HF AMPL control. 


f. HF AMPL control -- Adjusts LF:HF ratio of composite IM test signal when RATIO slide 
switch is set to VAR position. MAX setting (fully clockwise) selects a 1:1 ratio. 


g. HF ONLY pushbutton -- Turns off low-frequency oscillator. When pushbutton is in, 
only the high-frequency signal is present at SIGNAL OUTPUT connector. 


h. LF ONLY pushbutton -- Turn off high-frequency oscillator. When pushbutton is in, 
only the low-frequency signal is present at the output. 


i. SET LEVEL pushbutton .-- Selects set level function whereby meter displays amplitude 
of reference high-frequency signal required for IMD measurement. 


j. ADJUST control -- Adjusts amplitude of reference signal for IMD measurement. 


k. ERROR indicator -- Lights during Auto Set Level (Option 003) operation when adjacent 
ADJUST control is incorrectly set. Correct setting is achieved by turning ADJUST 
control until indicator is extinguished. Light will also go out if composite input 
signal is either below 20% or greater than 150% of full scale. 


1. IMD pushbutton -- Selects intermodulation distortion measurement function. 


m. IM indicator ~- Lights when system is in IMD measurement mode i.e., whenever PK 
EQUIV V/PWR, SET LEVEL, or IMD pushbutton is in and HF ONLY and LF ONLY pushbuttons 
are out. 


2-2. OPERATING INSTRUCTIONS 
2-3. a .eoteok| -UP 


Refer to Section I of the Model 1700B manual and connect the equipment as shown 
in Figure 1-1. Also, read and follow the instructions given in paragraphs 1-6 through 1-9 
of the same manual before making any IMD measurements. Sync the test oscilloscope to the 
line frequency and set sweep speed to 5 msec/div. 


2-4. IM DISTORTION MEASUREMENT WITH 4:1 or 1:1] LF:HF AMPLITUDE RATIO. 
To measure intermodulation distortion with a 4:1 LF:HF composite signal, proceed 
as follows: 


a. Set Model 1700B ADJUST contro! to CAL position or AUTO (for auto set level). 
b. Set IM RATIO switch to 4:1. 2=-f 
c. Press PK EQUIV V/PWR pushbutton. , 


d. Ensure that HF ONLY and LF ONLY pushbuttons are in the out position. 

e. Set Model 1700B INPUT switch to desired range setting. Adjust OUTPUT 
ATTEN switch and OUTPUT VERNIER control for desired rms peak equivalent 
single tone voltage/power reading. Ensure that meter indication is in upper 
two-thirds of scale. 

f. Push IM SET LEVEL pushbutton and turn adjacent ADJUST control until meter 
reads full scale. Omit this step if using auto set level. (See Section 2-6) 

g. Push IMD pushbutton. Adjust Model 1700B RATIO switch until meter 
deflection is in upper two-thirds of scale, if possible. 

h. Read distortion in either percent or dB as indicated by meter deflection 
and RATIO switch range setting. For example, if meter reads .67 and RATIO 
range is 0.1 PERCENT, distortion reading is .067%. 

i. To switch the 1700 to the THD mode, push the OFF pushbutton on the IM panel. 


NOTE 


It is normal for the 1700B oscillator to go through a few cycles of stabilization 
when switching from the IMD mode to the THD mode. This is due to the power supply for the 
main oscillator being turned off when in the IMD mode. 


To make an IM distortion reading with a 1:1 LF:HF signal, set the IM RATIO switch to 1:1 
and then carry out steps c through i above. Signal output level will increase about 55% 
when switching from 4:1 to 1:1. 


2-5. IM DISTORTION MEASUREMENT WITH NON-STANDARD LF:HF RATIO 


To perform an IM distortion measurement using a LF:HF amplitude ratio other than 4:1 
or 1:1, proceed as follows: 


a. Set Model 1700B ADJUST control to CAL position or AUTO (for auto set level). 
b. Set IMD option controls as follows: 


PK EQUIV V/PWR pushbutton ----------------------------------------- IN 

IM RATIO switch --------------------------------------------------- VAR 

LF ONLY pushbutton ------------------------------------------------ IN 

HF ONLY pushbutton ------------------------------------------------ OUT 

ANALYZER SELECT --------------------------------------------------- INPUT or GENERATOR 


OUTPUT AS DESIRED 


c. Adjust Model 1700B INPUT switch, and OUTPUT ATTEN and OUTPUT VERNIER controls for 
a full-scale reading on an appropriate meter voltage scale. 
d. Calculate inverse of desired LF:HF ratio. For example if desired ratios is 16:1, 
inverse would be 1:0.0625, LF:HF. 


e. Set LF ONLY button to out position and press HF ONLY pushbutton. Now adjust HF AMPL 


control until meter indicates relative high-frequency level determined in step d. 
For example, for a 16:1 ratio, the HF AMPL control should be adjusted to obtain a 
meter reading of .0625 of full scale. The INPUT switch can be stepped down to 
obtain a more accurate reading of the high-frequency signal. For the 16:1 ratio, 
the INPUT switch can be stepped down two positions, adjusting the meter reading to 
.625 on the 0-1.0 meter scale. 

f. Now set HF ONLY pushbutton to out position and follow steps c through i of 
paragraph 2-4. 


2-6. IM DISTORTION MEASUREMENTS WITH AUTO SET LEVEL SET 


To make an IM distortion measurement using a Model 1700B fitted with the Auto 
Set Level option proceed as follows: 


a. Turn Model 1700B ADJUST control fully counter-clockwise past CAL position 
until detent position is reached. This activates the Auto Set Level circuit. 
The gain of the intermodulation analyzer must be within a certain range for 
the Auto Set Level to function correctly. The ERROR indicator lights whenever 
the intermodulation analyzer gain is not within the necessary gain "window". 
In this event, turn the IM ADJUST control until the ERROR indicator is 
extinguished. For a further explanation of this see section 3-3. 

b. Follow steps described in paragraphs 2-4 and 2-5. 

c. Observe ERROR indicator; rotate IM ADJUST control until an off "window" is 
found; then set the IM ADJUST control to the window's approximate center. 

d. To switch the 17008 to the THD mode, push the OFF pushbutton on the IM 
panel. (It is normal for the 1700B oscillator to go through a few cycles 
of stabilization when switching from the IMD mode to the THD mode.) 


Pat a 


SECTION III 
PRINCIPLES OF OPERATION 


3-1. INTRODUCTION 


This section contains a functional description of the IM signal source and the 
IM analyzer - the principle components of the IMD option. For a description of the IMD 
measurement technique employed by the option and a description of its operating features, 
refer to Section I of this supplement. 


3-2. IM SIGNAL SOURCE 


Refer to the schematic diagram in Section VI of this manual. The IM signal source 
consists of two Wien bridge RC oscillators, a summing amplifier, and an output attenuator. 
The low-frequency (LF) oscillator operates at 60 Hz and is synced to the line frequency. 
The oscillator has an output amplitude of 6.3 volts rms (nominal). The high-frequency (HF) 
oscillator operates at 7 kHz and also has an output of 6.3 volts rms (nominal). The HF 
oscillator is optimized for maximum amplitude stability. The signals from both oscillators 
are coupled to the input of a summing amplifier that supplies the composite IM test signal. 


The amplitude ratio of the two frequencies is controlled by varying the amplitude of 
the HF signal input to the summing amplifier. When the front-panel RATIO slide switch is 
set to the 1:1 position, the full 6.3 volts rms (nominal) HF signal is delivered to the 
Summing amplifier. When the RATIO slide switch is set to the 4:1 position, a resistive 
divider attenuates the HF signal by a factor of four, so that the HF level at the summing 
amplifier output is one-quarter that of the LF level. When the RATIO switch is set to VAR 
position, a potentiometer controlled by the front-panel HF AMPL knob permits the level 
of the HF input to the summing amplifier to be set to any level between zero and 6.3 volts rms. 


The IM signal source is operable only when the IMD switch is set to the IM (out) 
position. This disconnects dc operating voltage from THD low-distortion oscillator and 
allows the 60-Hz and 7 kHz oscillators to turn on. When the IMD OFF switch is pressed, dc 
power is connected to the THD low-distortion oscillator and at the same time dc voltages are 
applied to the two IM oscillator circuits biasing them to an off state. 


The output attenuator consists of a ladder-type step attenuator in series with a 10-dB 
"[" attenuator. The ladder section has attenuation steps of 0, 20, 40 and 60dB, changing 
at every second setting of the front-panel OUTPUT ATTEN switch. Thus, the attenuation of the 
ladder section is O dB for the O-dB and 10-dB switch settings, 20 dB for the 20-dB and 30-dB 
settings etc. The 10-dB "L" section is bypassed on the 0-, 20-, 40-, and 60-dB switch 
settings and connected in series with the ladder section on the 10-, 30-, 50-, and 70-dB 
settings. This provides the output attenuator with a range of 0 dB to 70 dB in 10-dB steps. 
The attenuator has a constant output impendance of 600 ohms. 


3-3. IM ANALYZER 


The following is a discussion of the IM analyzer board and Model 1700B circuits that 
comprise the IM analyzer. Refer to the schematic diagrams in the Model 1700B manual and 
Section VI of this manual for circuit details. 


The IM test signal from the device under test is connected via the Model 1700B INPUT 
terminals to the INPUT attenuator and from there to the differential input buffer and 
differential-to-single-ended buffer. The ouput signal from the buffer amplifier (in the 
range of 1 to 3.16 peak equivalent volts), is coupled via a passive 2-pole high-pass filter 
to the input buffer. -The filter attenuates the 60Hz component of the IM signal by approx- 
imately 26 dB. The gain of the input buffer is variable from 2 to 100 by the front panel IM 
ADJUST control. This allows the amplitude of the signal at the output of the IM buffer 
(TP1) to be set to approximately 3.16 volts, the correct set level for the IM distortion 
measurement. 


From the IM input buffer, the signal is connected to an active 7-pole, high-pass filter 
having a cut-off frequency of 2kHz. This attenuates the 60 Hz by a further 210 4B, leaving 
only a pure 7 kHz sine wave plus any amplitude modulation caused by the non-linearity of 
the device under test. From here, the signal is connected to an absolute value detector 
that rectifies the 7 kHz waveform. 
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When the IM SET LEVEL pushbutton is pressed the output of the absolute value detector, 
which is essentially a dc level representing the amplitude of the 7 kHz component of the 
test waveform, is connected through switch $3 to the front panel meter. This permits 
monitoring the amplitude of the HF component of the input signal for Set-Level adjustments. 


The output of the absolute value detector is also coupled to a 7-pole, low-pass filter 
with a cut-off frequency of 500 Hz. This removes the 7 kHz component from the rectified 
signal, leaving only the intermodulation products. The output from the low-pass filter 
is connected to the THD RATIO attenuator and distortion amplifier through OFF switch, S1. 
The amplifier output is 31.6 mV full scale for each attenuator setting. 


An IM measurement is made by pressing the IMD pushbutton, connecting the distortion 
amplifier output via the auto set level option and the IM meter amplifier to the front 
panel meter. If the auto set level option is not fitted, the signal is jumpered directly 
from the distortion amplifier to the IM meter amplifier. Also, when the system is in the 
IM measurement mode, a relay bypasses the 400 Hz and 80 kHz filters located between the 
distortion amplifier output and the input of the auto set level circuit. This relay is on 
the THD analyzer board and activated through a contact on relay KI, located on the IM 
analyzer board. 


When the PK EQUIV V/PWR pushbutton switch S2 is pressed, the output of the THD meter 
preamplifier is connected via the IM peak detector to the front-panel meter. The THD 
meter preamplifier has a 31.6 mV full scale output on each range of the INPUT attenuator 
and the peak detector buffer has a gain of approximately 22. This changes the 31.6 mV 
full scale signal to approximately one volt peak at the peak detector input and causes 
one milliampere of current to be supplied to the meter for a full scale reading. 


The peak detector, consisting of U9 and associated components, operates as a 
Summing amplifier. The input to the circuit may be considered to be at the junction of 
capacitor C46 and resistor R36. The detector responds to negative input peaks. Meter 
current (average one milliampere full-scale) flows back to the summing point through 
resistor R38. If the peak negative input current through R36 exceeds the feedback current, 
the output of U9 will go positive and add charge to C55 through emitter-follower Q1. This 
added charge will then increase the average meter current: As long as the output of U9 
Swings positive each cycle, Q2 will conduct each cycle, thus holding down the voltage on 
C54 and preventing Q3 from conducting. If the peak input current does not exceed the feed- 
back current, the output of U9 remains clamped negative by diode CR5 at approximately 
0.7 volts. In this event, the voltage on C54 will rise, and Q3 will conduct to quickly 
joie the charge on C55. This allows the meter to respond quickly to a decreasing signal 
evel. 


The Auto Set Level option provides automatically controlled gain at the output of 
the distortion amplifier to compensate for a 10 dB range of input signal. For THD measure- 
ments, gain is simply controlled by the input signal level, which is the reference for the 
measurement. For IMD measurements, the reference for the measurement is not the input 
Signal (total composite signal) but rather the level of the high-frequency (7 kHz) component. 
Yet, the input signal level indicated on the front panel meter (pk equiv v/pwr) during the 
measurement 1s proportional to the peak value of the composite signal. 


For the Auto Set Level to operate over a 10 dB range of peak equivalent volt/power 
level, it is necessary that the SET LEVEL control be adjusted such that when in the SET 
LEVEL mode, the meter reads within approximately plus or minus 2 dB of the meter deflection 
when in the PK EQUIV V/PWR mode. This places the output of the absolute level detector in 
the proper range to control the auto set level circuit. Once the SET LEVEL control is 
properly set, no further adjustment is required unless the low-to-high frequency ratio at 
the analyzer input is changed. Now, the 7 kHz level (absolute value detector output) tracks 
the input signal level (peak detector output). 


In order to avoid possible readout error due to an incorrectly adjusted SET LEVEL 
control, a "window" detector is incorporated in the IM analyzer. This circuit consists 
primarily of operational amplifiers U14 and U15. U14 turns on ADJUST light-emitting diode 
CR24 if the output of the absolute value detector, as divided down by resistors R68, R70 
and R71, exceeds the output of the peak detector by approximately 2.5 dB. The peak 
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detector output is derived from the voltage developed across resistor R38. Conversely, 
U15 turns on the ADJUST indicator if the output of the peak detector exceeds the output 
of the absolute value detector, as divided down and appearing at pin 3 of U15, by 
approximately 2 dB. 


Operational amplifiers U16 and UI7 act in a similar manner to disable the ADJUST 
indicator (by absorbing the drive current through R79) if the peak equivalent volt power 
reading is much too low (less than 20 percent of full scale), or too high (greater than 150 
percent of full scale). Here the peak detector output is simply compared to dc levels. 

Q4 is used to turn off the ADJUST indicator when the instrument is not in the auto mode of 
operation. If the auto set-level option is not installed, R79 is removed. 


The reader may be interested to know that in the U17/U18 comparator circuit, diode 
CR22 is a redundant component. If the output of UI7 goes negative, it pulls the output 
of UI6 negative through the pin 8 connections. Therefore CR22 may be used as a spare 
diode. 


SECTION IV 
MAINTENANCE 


4-1. INTRODUCTION 


This section provides a performance check, adjustment and calibration procedures, and 
troubleshooting information for the IMD option. 


4-2. TEST EQUIPMENT 


Recommended test equipment for performance checking and troubleshooting is listed in 
Table 4-1. Test instruments other than those described can be used provided their 
specifications equal or exceed those listed. 


Table 4-1. Required Test Equipment 


TYRE REQUIRED SPECIFICATIONS RECOMMENDED 
INSTRUMENT 


AC-DC DIGITAL Fluke Model 
VOLTMETER 8000A 


Range: ImV to 2V Calibration 


Accuracy: 0.1% + 1 digit 


Audio Frequency Range: to 8 kHz Calibration Sound 
Generator Technology 
Model 1700 B 


or 1400A 


Hewlett-Packard 
Model 1200A 

or Philips 
Model 3232 


Bandwidth: 500 kHz Calibration 
Defection Factor: 
5 mV/div 


Number of Channels 


OSCILLOSCOPE 


4-3, PERFORMANCE CHECK 
4-4, INTRODUCTION 


The performance check for the IMD option consists of an intermodulation residual 
distortion test. If the performance limits are exceeded in the following paragraph, refer 
to the troubleshooting hints in paragraph 4-16. 


4-5. INTERMODULATION RESIDUAL DISTORTION TEST 
a. Connect equipment in test configuration shown in Figure 1-1 of Model 1700B 


manual except connect a cable from SIGNAL OUTPUT/GENERATOR OUTPUT connector of 
Model 1700gB directly to its INPUT terminals. Set Model 1700B ADJUST 


control to CAL position. 
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b. Set IMD option controls as follows: 


IM RATIO switch -------------------------------------------- 4:] 

HF ONLY pushbutton ----------------------------------------- out 

LF ONLY pushbutton ----------------------------------------- out 
OUTPUT ATTEN switch ---------------------------------------- O dB 
OUTPUT VERNIER control ------------------------------------- max CW 


c. Press PK EQUIV V/PWR pushbutton and set INPUT switch to 3 VOLTS range. 

d. Press IMD SET LEVEL pushbutton and rotate adjacent ADJUST control for a full-scale 
reading on meter. 

e. Press IMD pushbutton and set RATIO switch to -80 dB/.01 PERCENT range. Check that 
meter reading is .0025% or less. 


4-6. ADJUSTMENT AND CALIBRATION PROCEDURE 
This procedure should be performed whenever the results of the performance check 
(Paragraph 4-3) clearly establish the need to do so. After successfully performing in 
sequence the procedure in Paragraphs 4-7 through 4-15, the IMD option is considered to be 
calibrated. 
NOTE 


When performing this procedure ensure that only the equipment and cables 
specified are connected to the instrument. 


4-7. IM GENERATOR 
4-8. OSCILLATOR ADJUSTMENTS 


a. Set front panel controls as follows: 


PK EQUIV V/PWR pushbutton ------------------------------ in 

HF ONLY pushbutton ------------------------------------- out 

LF ONLY pushbutton ------------------------------------- in 

RATIO switch ------------------------------------------- Ts] 

OUTPUT VERNIER ----------------------------------------- max CW 

OUTPUT ATTEN switch ------------------------------------ OdB 

FAST RESPONSE/LOW DISTORTION switch -------------------- Fast Response 
THD ADJUST control ------------------------------------- CAL 


(Ignore an indicated overload condition) Remove sync from LF oscillator 

either by removing connection to power transformer (#7 on Generator Board) or 

by lifting one end of C19. Connect SIGNAL OUTPUT to a scope with horizontal 
sweep ( 5 ms/cm) synced to power line. Adjust R4 for a stationary pattern 

(LF oscillator running at line frequency). It may be necessary to adjust 

FET bias (R8) to keep oscillator running as R4 is adjusted. Restore LF osc. sync. 


b. Connect a cable between SIGNAL OUTPUT connector and INPUT terminals. 
LF ONLY pushbutton ------------------------------------- out 


c. Measure Q6 gate voltage (an easy place to measure is at Cll, .033 uf.). 
Allowable range is 1.0 to 2.0 Vdc. If out of range, adjust R23 for a 
reading 1.5 Vdc. Isolate gate voltage from voltmeter probe with a 10 K ohm 
resistor. 


d. Measure Q3 gate voltage (an easy place to measure is at collector of Q2. 
Don't forget 10 K isolation!). Allowable range is 1.0 to 2.0 Vdc. If out 
of range, adjust R8 for a reading of 1.5 Vdc. 


e. Press HF ONLY pushbutton. Adjust OUTPUT VERNIER control until front panel 
meter reads exactly full scale. 


4-9. 4 


a 


Change front panel controls as follows: 


HF ONLY pushbutton ----------------------------------- out 
LF ONLY pushbutton ----------------------------------- in 


Without changing setting of OUTPUT VERNIER control, carefully adjust R13 until 
front panel meter indicates same full-scale reading obtained in Step C above. 


Repeat Step d above. If it was necessary to readjust R8, repeat Step g. 


:1 DIVIDER CONFIDENCE CHECK 


Change front panel controls as follows: 


INPUT switch ----------------------------------------- 3V 
RATIO switch ----------------------------------------- 4:] 


Adjust OUTPUT VERNIER (and/or R44) for a front panel meter reading as close as 
possible to 2.40 Vac. 


Change front panel controls as follows: 


HF ONLY pushbutton ----------------------------------- in 
LF ONLY pushbutton ----------------------------------- out 
INPUT switch -----~------------------------------------ TV 


Check that front panel meter reads 0.60 + .02 V. 


4-10. IM ANALYZER 


4-11. PEAK DETECTOR AND THD SIGNAL LEVEL ADJUSTMENTS 


a. 


g. 


Connect DVM in parallel with cable connected between SIGNAL OUTPUT connector 
and INPUT terminals. 


Change front panel controls as follows: 


HF ONLY pushbutton ------------------------------------ out 
LF ONLY pushbutton ------------------------------------ in 


Adjust OUTPUT VERNIER and OUTPUT ATTEN controls (and/or R44) for DVM reading of 
0.800 Vac. 


Change front panei controls as follows: 


HF ONLY pushbutton: -=-------<------~--~--~=-~--~-=---—~ out 
LF ONLY pushbutton  ------------------------------------ out 


Adjust R34 on IM analyzer board for an exact full-scale reading on front panel 
meter. 


Change front panel controls as follows: 


DN PUSWECCN enn nn wr reg om ie a 3V 
OUTPUT ATTEN switch\-<------<<--<---------7 nnn nana 0 dB 
OUTPUT VERNIER ------------"----9--- 23 -- sen nn nnn max CW 


Adjust R44 (IM generator board) for a full-scale reading on front panel meter. 


4-12. ABSOLUTE VALUE DETECTOR OFFSET NULL 


as 


Remove input signal and set INPUT switch to 3V. 
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4-13. 


Connect DVM between TP4 and ground (negative end of C34). 
Set DVM to its most sensitive range. 


Adjust R22 for DVM reading of less than + .003Vdc. 


MEASUREMENT CALIBRATION 


Connect a cable between SIGNAL OUTPUT and the INPUT terminals with the high 
side of the SIGNAL OUTPUT connected to the + INPUT terminal. 


Connect a 47 kilohm resistor to the + INPUT terminal. 


Connect an external audio oscillator between the -INPUT terminal and the floating 
end of the 47 kilohm resistor. 


Set front panel controls as follows: 


PK EQUIV V/PWR ----------------------------------------- in 

RATIO -------------------------------------------------- eo 

HF ONLY ------------------------------------------------ in 

LF ONLY ---------------------------~+-------------------- out 

OUTPUT ATTEN ------------------------------------------- OdB 

INPUT -------------------------------------------------- 1 Volt Range 
RATIO ------------------------------------------------- -40dB(1%) 
THD ADJUST --------------------------------------------- CAL 


Connect vertical input of oscilloscope to DISTORTION OUTPUT. Set controls as 
follows: 


Vertical Sensitivity ---------------------------------- 20 mV/cm 
Sweep ------------------------------------------------- 5 ms/cm 
SYNC ---------------------- 25-2 $$ ee Internal 


Set external audio oscillator frequency to approximately 7 kHz. 


With output of external oscillator reduced to zero, adjust OUTPUT VERNIER for 
1700B meter reading as close to exact full scale as possible. 


Change front panel controls as follows: 


OUTPUT ATTEN ----------------------------------------- 70 dB 
LF ONLY ---------------------------------------------- in 
INPUT ------------------------------------------------ .O1 volt range 


Adjust output of external oscillator for a meter reading as close to exact 
full scale as possible. 


Change front panel controls as follows: 


EF ONLY nw a a a ew ee ee ee out 
OUTPUT ATTEN ---2~-~- 22225. 2 2 ee er ee ee OdB 
INPUT ---------------------------------------------.- 3 Volt range 


Adjust the frequency of the external oscillator for a 10 to 15 ms 
period of the sinc wave appearing on the scope. 


Adjust IM SET LEVEL control for an exact full scale reading on the meter. 


Depress IMD pushbutton. Adjust R63 on the IM Analyzer board for an exact full 
scale reading. 


4-4 


4-14. AUTO SET LEVEL ADJUSTMENT 


a. Turn THD ADJUST control to AUTO position. Adjust R6 on the auto set level board 
for an exact full-scale (1.00%) reading. 


b. Switch INPUT switch to 10 volt range. Check that reading is 1.00 + .02%. 
4-15. TROUBLESHOOTING 


Before attempting to troubleshoot the IMD Option ensure that the fault is with the 
option and not caused by the test setup or associated equipment. The performance check 
(Paragraph 4-3) enables this to be determined without having to remove the covers. 


If an abnormal condition is observed during the performance check, table 4-2 will 
Suggest remedies. However, before proceeding with detailed troubleshooting, note the 
troubleshooting hints contained in paragraph 3-29 of the Model 1700B Manual. 


4-16. SYMPTOM/CAUSE TABLE 


Table 4-2 contains symptoms of IMD option malfunctions and provides diagnostic tests 
for the location of these faults. Following the repair of a defective component, refer 
to paragraph 4-1 for instructions regarding any necessary calibration and/or adjustment 
procedures. 


Table 4-2. IMD Symptom-Cause Table 
Probable Cause ) Diagnostic Test 


Abnormally high 7 kHz oscillator 

level of residual amplitude instability, 
IM distortion, Q6 gate voltage 
distortion product out of adjustment. 
is random noise. 


Measure dc level at 
gate of Q6 on IM 
analyzer board. 
Reading should be 
between 1.0 and 2.0 
Vde. 


(1) Nonlinearity in IM (1) Replace U3, Ul. 
generator summing 
amplifier U3, IM analyzer 
buffer U1. 

(2) Nonlinearity in THD 
buffers U101, U102, U103. 


Abnormally high 
level of residual 

IM distortion, 
distortion product 
is multiple of 60-Hz 


(2) Replace U101, 
U102, U103 


Measure dc level of 
gate of Q3 on IM 
generator board. 
Reading should be 
between 1.0 and 2.0 
Vdc. Check freq. adjust- 
ment per 4-8a. 


Amplitude of 60-Hz 
oscillator is 
unstable, or 
oscillator is not 
synced to line. 


Q3 gate voltage out of 
adjustment. 


4-17. COMPONENT REPLACEMENT - CALIBRATION AND ADJUSTMENT 

If Ul or U2 in the generator section are replaced, do the oscillator adjustments, 
section 4-8. In general, changing IC's in the analyzer section do not require re-adjustment. 
The exception is U6 in the Absolute Value Detector. Changing U6 would require the zero 
adjustment at TP4, section 4-12. 
4-18. ACCESS TO LOW-DISTORTION OSCILLATOR 


In order to reach the low-distortion oscillator assembly, it is necessary to move the 
IM analyzer board mounted above it. To reach the oscillator, proceed as follows: 


a. Remove top cover from instrument. 
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b. Locate metal shield on which IM analyzer board is mounted. 


c. Remove four screws attaching this shield to instrument. Do not remove screws 
securing IM analyzer board to shield. 


d. Carefully move shield back until pushbuttons on board clear rear of front panel. 

e. Move shield until it is located vertically above center of instrument. Insert 
upper edge of instrument's center divider into slot on edge of IM analyzer shield. 
This holds board in a position that permits access to oscillator. 

f. Replace IM analyzer board following reverse procedure. 

SECTION V 
MODIFICATIONS FOR EUROPE AND JAPAN 
5-1. DIN (EUROPE) 

a. The Low Frequency Oscillator is set at 250 Hz and is not synchronized with 
the power line. The High Frequency Oscillator is at 8 kHz. The IM measurement 
then conforms to DIN 45403, Page 4 - "Measurement of non-linear distortion in 
electroacoustics; intermodulation method", and DIN 45500, Page 6 - "Hi-Fi 
techniques, requirements for amplifiers". 


A scope sync (250 Hz) is available at a BNC connector on the rear panel. 


The Passive, High-Pass Filter has been changed to have a cut-off frequency of 
3.9 kHz. 


The Low-Pass Filter has been changed to have a cut-off frequency of 1.25 kHz. 
b. The following parts have been changed: 


Reference Description Stock No. Qty. 


Designators 
IM Analyzer Board 


GigeG2 WOZEUT ys Leto oe DLYStE 2025-0004 2 
C3, C4 .0068 uf, 2.5%, 63V, plystr 2025-0016 2 
G32 -0082) uf; 14." 33V, Diystr 2025-0002 ] 
C37 FOSZ4UT IFoo 3V ep lyser 2025-0005 ] 
C36 :00334uf, 2.5%, 63V, plystr 2025-0014 ] 
C36A 680 pf, 2.5%, 63V, plystr 2025-0019 1 
R46, 47, 48, 49 5i23aK, 1%5.11/50;. MF 1015-1523 4 
IM GENERATOR BOARD 

GLS.G2 sO22aut, 2.9%, 63V, pilystr 2025-0029 2 
R18, 20 10K, .25%, 1/8W, MF 1005-2100 2 
R17 10K, 1%, 1/8W, MF 1015-2100 1 
R16 D2. 3K5 lbs Li Lows Me 1015-2523 1 
R3, 35 28./K,. 1%, 1/8W,2MF 1015-2287 ‘4 


c. Also, the following changes or additions have been made: 


Replace R4 (5K trim-pot) with a jumper. 

Remove R2 (15K, 5%, 1/4W) from board. . 

Remove sync cable to IM generator Board (pad 7). 

Add shielded cable between pad 5 on generator board and BNC scope sync 
connector on rear panel. 


PWN 


5-2. 50/60 Hz OPERATION (JAPAN) 


The Low Frequency Oscillator is set to 60 Hz and is free-running. A scope sync is 
available at a BNC connector on the rear panel. Sections 5-1-C-2,3,4 above are applicable. 


o- 4. 


SECTION VII 
SPARE PARTS 


7-1. INTRODUCTION 


This section contains information for ordering replacement parts, and provides the 
following details: 


Sound Technology part number. 

Circuit diagram reference designator. 
Description of part. 

Total quantitites used. 


a0 TF 


7-2. ORDERING INFORMATION 


When ordering replacement parts, each part must be identified by a Sound Technology 
part number. To order a part, include the following information: 


Instrument model number. 
Instrument serial number. 
Description of part. 

Function and location of part. 


an Oo 


Address your order or inquiry to: 


Sound Technology 
1400 Dell Avenue 
Campbell 1 
California, 95008 
(408) 378-6540 
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4. Pr aAe 


PURCHASED PARTS 


PART NO DESCRIPTION 

B3GG-H6G40 DIQDE-LEP RED 
CR24, 25 

16635-1.727 RES-FRD 7. 87K GB. 25% 1.7°8W MF 
R32 


1ABS-2LA58 


14486-6616. 


1466-0613.1 


1466-64012 


3605-GuGs 


7368-89669 
89e6-90608 
2006-8608. 
S666-86111. 
1788-1429 
81 7 Sa-41 Axe 
43 764-1632 
@1 7GA-193% 
41.768-3004.7 
81.768-=001 2 
81790-34621 


RES-FXD 15. SK @ 25% 41°8W MF 
R27 

RES-VAR SK 19% MOD. LOG, CARBON 
Rs. 

RES-VAR SK 16% LINEAR CARBON 
RSet 

RES-VAR 1K 1.0% CCW MOD. LOG, CAR 
Rv 

SHI TCH-SLYIDE OPST MINIATLIRE 

S7 

MANUAI-—-IMA OPTION 
PUSHBUTTON-WHI TE 

KNOB-ROLUND 172 0D,17°2 ID BEIGE 
KNOB-1/72 DIA, 4" SKIRT. BEIGE 
SHIEID-IM ANALYZER 
BRACKET-KEAR YM 

TRIM PLATE-IMA 

SWITCH PLATE-IMA 

ASSY-FC, IM ANAIYZER 

PC-HSSY IM SIGNAI GENERATOR 
ATTEN SWITCH ASSEMBLY. 1M OPT 


B61 -mo—szo01.7 
In ANALYZER 


ALSSwW’—Pc. 


PART NO DESCRIPTION 

6985-9088 TRANS 2NZ@5Z NPN SI 
ai-4 

8169-@961.  IC-OP AMP 741 
U2. 3. 4. 6. 7.18,11,12 

6190-8614  IC-OP AMP 2685 GRADE 6 BLUE 
U1,9 

@168-6016 OP-AMP 301C 
US. 3.13-17 

6288-9906 DIODE-GEN 1N914A SI 
CR3-5. 7-22 

6285-a9@2 DIODE-ZENER 1N75@ 4. 7¥ 
CRS 

1015-9919 RES-FXD 10 1% 1/8W MF 
R33. 64.65 

1915-99193 RES-FXD 19.6 1% 1/98W MF 
RS 

1915-@182 RES-FXPD 182 1% 1/8W MF 
R66 

1615-1100  RES-FXD 1K 41% 1/8W MF 
RG, 23. 35, 36. 77 

1915-1187  RES-FXPD 1. 87K 41% 1/¢8W MF 
R12 

1615-1208 RES-FXD 2K 1% 147°8W MF 
R29. 3a 

1915-1232 RES-FXD 2. 32K 1% 478W MF 
R38 

1915-1361 RES-FXD 3. @1K 1% 1/eW 
R75 

1815-1422 RES-FXD 4. 22K 1% 1/8W MF 
R24 

1915-1499  RES-FXD 4. 99K 1% 1/6W MF 
R2G 

1915-1523 RES-FXD 5. 22K 1% 1/78W MF 
R14 

1015-1681  RES-FXD 6. 81K 1% 1/8W MF 
R18 

1915-1715  RES-FXD 7.45K 41% 1/8W MF 


R27. 28 


Me 
= 


Le 


Ww 


Se) es RG 


Ce CS SS) ) Ca) a0) eS) SY eS) 


pA ee ae a 


2 
NN @ B+ 
< 


os & +o «Ss 8 Ss 


MPIiISsTaRTIOMNM ANALYSER 


ie) 


eo] 


SPToqgqgagqc o800 


Orricr iceseast 


PART NG 
1.615-1953 


1915-2199 
1015-2142 
1915-2136 
1915-2133 
1615-2158 
1615-2261, 
1615-2316 
1915-2365 
1615-2374 
1915-2392 
1015-2487 
11@9-a922 
1168-8827 
1168-8991 
1198-96189 
1199-95198 
1196-1188 
41100-1.326 
1196-2188 
116@-23308 
1168-24798 
1189-31698 
11908-4199 
1.416-ag04. 
1419-9802 
141a-a9e84 
2990-98985 


2600-6067 


‘2600-0918 


2600-66056 
2699-0158 
2880-6476 
2626-6992 
2625-8682 


2825-8963 


(er? 


DESCRIPTION 
RES-FXD 9. 53K 41% 178W 
R7Q, 72 


RES-FXD 10K 14 1/78W MF 
R1i-5S, 1.2, 19, 21. 36-33, 74 
RES-FXD 14. 3K 1% 1/°8W MF 
R14 : 

RES-FXPD 13. @K 12 1/°3W MF 
R46-49 
RES-FXD 13. 3K 1% 1/78W MF 


R15 

RES-FXD 15. 8K 1% 1/6W MF 
R67 

RES-FXD 26.1K 1% 1/8W MF 
R71 

RES-FXD 341. 6K 1% 1/@W MF 
R76 

RES-FXD 36. SK 1% 1/8 
R73 
RES-FXD 37. 4K 41% 178W MF 
R6S 

RES-FXD 39. 2K 1% 1/8W MF 
R13. 34.32 

RES-FXD 48. 7K 1% 1/8W MF 
R? 

RES-FXD 22 5% 1/74W 

R62 

RES-FXD 27 5% 1/4W 

R44 

RES-FXD 94 5% 1/4W 

R6O, 64 


RES-FXD 164 Sx 1/74W 
RI4, 56. 57, 69 


RES-FAD 3516 Sx 1/4W 
R45. 88 

RES-FXD 1K Sx 1./°4W 
R4G. 42. 58, 78, 79 
RES-FXD 3. 3K Se 1/74W 


R33 

RES-FRD 10K 3% 1/74W 
R44 

RES-FRD 33K Sa” 174W 
R43 

RES-FXD 47K Sx 17°4W 
R37 

RES-FRD 106K Sx” 1/4W 
R26 

RES-FRD IM Se 174W 
RSS, S9 

RES-VAR 186 TRIMPOT CERMET 
R63 


RES-VAR 5@@8 TRIMPOT CERMET 
R34 

RES-YAR SK TRIMPOT CERMET 
R22 

CAP-FXD SPF 10% S@@V MICA 
c43 

CAP-FXD 7PF 5% S@Q¥ MICA 
cég . 
CAP-FXP 4@PF 5% S@BV MICA 
c28 

CAP-FXD S6PF 5% S@BV MICA 
C7, S41 . 
CAP-FXD 15@PF 5% S@@V MICA 
c27, 58 

CAP-FXD 47@PF 5% S@a@v MICA 


C47 
CAP-FXD @. @56UIF 10% 16@V MYLAR 
Cé6 

CAP-FXD @. @@B2UF 1% 33V PLYSTR 
c6-19 


CAP-FXD @. @1UF 1% 33¥ PLYSTR 
C13, 14,147,418, 36 


an 


be 


a 


a ee ae 


N 2 NB 


o ss © eo 8 8 82 8&8 ® & 8 @ 9 @ 8 8 


S06, 508) 5, ® .© 8 8} & © 8&9: 58 


‘ 
) 
, 


o-oo 80 1s © (9 


PART NO 
2625-9064 


2825-8687 
2625-8616 
2625-0015 
2625-8617 
2025-8829 
28925-8630 


2646-90648 


2046-8082 
2196-9ae0 
2190-9801 
21.aa-eAaas 
2198-9064 
2186-8895 
2198-8006 
2199-9019 
3615-9007 
3195-90008 
3120-aBBA 
3126-s8ea 
24150-9982 
2490-94082 
3490-9003 


So0G-6600 
61736-5017 


B44 aS soe 
= 7 i5P4F4i_ 


rt 


PRET MC 
68HH—-HEG1 


Geb —-BeaBe 


ABZH-BeG1 


6108-081 


6144-8667 


ALBe-Bea1 4 


B2hG-CHas 


1665—-2414.4 


AAGS—-2154 


4.44 5-1 


1G15-3.156 


DESCRIPTION 
CAP-FXD @. @2UF 1% S3¥ PLYSTR 


C3, 4, 32 

CAP-FXD G. 2UF 1% 160V FILM 

C37 

CAP-FXD . @Z9UF 2.5% 23 PLYSTR 
cs? 

CAP-FRD . @15UF 2.5% 63V PL.YSTR 
CSé 

CAP-FXPD . @S6UF 2.5% 33V¥ PLYSTR 
Ci,2 

CAP-FRD . G@22UF 2.5% 6G3Y PLYSTR 
Ccé6e 

CAP-FRD . @27UF 2.52 63VY PLYSTR 
cé1 


CAP-FAD @. G1UF 1@6VY CERAMIC 


CS; 6. 14,.12,15. 16, 1.9, 26, 25, 26, 3G, 


341, 38-44, 48, 49, 58, 59. 62-65 


CAP-FXD @. 1UF 257 CERAMIC 
Cre, 71 

CAP-FXD 4. (UF 1.4% S5¥ TANT 
crs 

CAP-FXD AUF 25 ELECT AI 

C35 

CAP-FXD 1GUF 25 EIECT AI 
C21, 22, 74 

CAP-FXD SSUF 25V¥ ELECT Al 
C53, 54. 72. 73 

CAP-FRD SG@UF 25Y ELECT Al 
C24. 77 

CAP-FXD 16@UF 25 EIECT Al 
C45, 46. S52: 75. 76 

CAP-FRXD S@GQUF 6Y ELECT 

CSS 

SWITCH-PB. 4 STA 6P & 2 STA P-P 
51-6 

SOCKET-IC @ PIN ROUND 
CONN-SINGILE CONTACT.. @93 PIN 
CONN-SINGIE CONTCT,. @93 SOCKET 
SPACER-PUSHBUTTON SW. DOGBONE 
REILAY-1 FORM A 

K2 

RELAY-2 FORM A 

Kd. 

PUSHBUTTON—-HHITE 

PC BOARD-IM ANAIYZER 


Peo rAasss 
GENE RAT Cr 


DESCRIPTION 
TRANS 2N3644 PNP 
Gs 2a de Se 7 

TRANS 2NZ@S3 NPN 
we 

TRANS-FET YCR3P P-CHAN 

3. 6 

TC-OP AMP 744. 

UL 

IC-OF AMP Z6A5 GRADE 2 RED 

Uz 

IC-OP AMF 26@5 GRADE 6 BLUE 
Uz 

DIODE-GEN ANZL4A SI 

CRA-6 

RES-FXD 14. 4K @. 25% 178m MF 

R1B, 28 

RES-FXD 15. 8k @. 25% 4/8N MF 

RBR, 42 

RES-FXD 2K 1% 178M MF 

RAP, 37 

RES-FXD 1.5K 1% 4¢8W MF 

RG. 24 


i 


ut 


I 


i} 


24. 


OOS 918'9 5 Os 8 Soo Oe Ss Ss Sse 


pa ae ay 


Se Oe 


@ © 


PART NO 
1615-1597 


1.615-1.464 
1615-1576 
1615-1681 
1615-2166 
16415-22749 
165.5-2274 
119-6519 
1166-11400 
4196-1180 
11908-1320 
I.366-191.8 


41086-2156 


11660-2560 
1166-2756 
1416-a6G2 
1416-6065 


1416-ne8S 


- 1418-8689 


1416-G1.4 
2466-HH18 
2H08-Aaa6 
2620-61 x 
2825-G661 
2H2Z5-HG6E. 
26460-heee 
2100-H886 
21.68-6656 
2166-628 


3105-GhaG 
24660-4064 


3490-683 
$540-4a64 


8542-0061 
e7@2-Eau2 


41.7 86-563. 


VRS) 


_ DESCRIPTION 
RES-FXD 3. 92K 1% 14/8h ME 
R?, 22 
RES-FRD 4. 64K 1% 41/8h MF 
RAG, 12, 25, 26 
RES-FKD 5. 76K 1% 1-8W MF 
R44 
RES-FXD 6. 81K 1% 4./°8W MF 
R14. 228 
RES-FXD TAK 4% 4/8H MF 
RAS 
RES-FXD 24. 9K 4% 1/e8H MF 
RS 
RES-FXD 27. 4K 1% 4.78W MF 
RS 
RES-FXD Sia Sz 4/4 


REG 
RES-FRD 4K SH 1/4 
R6 

RES-FRD 4. 8K SZ 1¢4u 
R45 

RES-FRD K 3K 52 17°4u 
R34 

RES-FRKD & 4K SZ 41/4u 
RS 

RES-FXD 15K SH 41/4 
R41.z 

RES-FKP 418K 5% 414i 
R46 

RES-FRP 33K S¢% 1-4) 
RAL ae 

RES-FKD 29K Sx 4.74u 
R29 

RES-FKD S6éK Si” 44d 
Ri5 

RES-FRD 75K 5% 14h 
RSG 


RES-VYAR S@G TRIMFOT CERMET 
R23 

RES-VAR AK TRIMPOT CERMET 
R43. 44 

RES-VAR AK TRIMPOT. STANDUP 
RS 

RES-VAR S@@ TRIMPOT, STANDUP 
RAX 

RES-VAR SK TRIMPOT. STANDUP 
R44 

CAP-FRD 1@PF S22 Se@eyv MICA 

Gis 

CAP-FAD S6PF 5% Sa@aav MICA 

cre 

CAP-FKD @. @S3UF 14% 1667 MYLAR 
C34 

CAP-FXD G. BA2LIF 14% S3V PLYSTR 
C7. & 

CAP-FXD @ ALIF 14% 22¥ PLYSTR 
CA, 2 

CAP-FXP &. G1UF 186’ CERAMIC: 
C4. 5. 9,14,.14,415 

CAP-FXD 4. CUF 18% 35V TANT 

C6 

CAP-FRD 1.@6UIF 257 ELECT AI 
ciz 

CAP-FRD JUF S@y¥v ELECT TANT AXI. 
Cx.17,12 

SOCKET-1C 8 PIN ROUND 

RELAY-1 FORM C 

K2 

RELAY-2 FORM A 

KL 

SCREW 6-X2 K 1/74 POZI FAN HD 
L.GCKWASHER-EXST #6 
SPRCER-THD, 6-32 3/78LG * S/160D 
PC BOARD-IM GSCILLATOR 


foe 


o © Ss 


a 


> 


9 Oo 


STS 9 


e141 7aGa—2aear-. 
ASSEPMEL. 


PART NO 
1960-4685 


196e-aGHeE 
1966-6957 
1.4g6—-H00S 
1666-—HaG9 
16966-9616 
1644-8614 
1980-9612 


2616-6065 


ATrrers 


Sih OT CH 


DESCRIPTION QagTy 
RES-FAD 606.4 .1% 1718 T2 41. @ 
R428 

RES-FXKD 660.4 .1% 1°10 T2 1.6 
RI4 

RES-FKD 735.3 .1% 17144 T2 Boer 
RSZ 

RES-FRD 741.6 .14 17°14 T2 1.8 
RSG 

RES-FRD 877.5 .14 1/7138 T2 1. a 
Roe 

RES-FXD 1. 297K @412 1/71 0W MF 1.4 
RSS 

RES-FRD 5. 940K @. 1.4 17°10W MF 2. a 
R51. 53 

RES-FXD 6. @@GK @. 1% 171.0W MF 1.9 
R43 

SWITCH-ROTARY IM ATTEN 1.9 
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SECTION I 
OPERATION 


1-1. SCOPE OF SECTION 


The section contains information and instructions necessary for the operation of the 
Sound Technology Model 1700A Distortion Measurement System. Included are power requirements, 
cabling information and operating instructions. 


1-2. INTRODUCTION 


The Model 1700A Distortion Measurement System combines an ultra-low distortion os- 
cillator, a high-resolution automatic-measuring distortion analyzer, and an accurate ac 
voltage/power meter in one instrument. Pushbutton operation permits the operator to 
quickly measure voltage or power, set level, and then measure distortion. 


The oscillator section provides a pure sine wave signal for testing from 10 Hz to 110 
kHz. Amplitude is variable from 3 volts to less than 1 mV. 


The analyzer section contains a tracking notch filter which is always tuned to the os- 
cillator frequency. The analyzer measures total harmonic distortion with a sensitivity ran- 
ging from 100% to .01% full scale, with automatic nulling on all ranges. Active filters may 
be selected for low frequency and high frequency noise suppression, enhancing the measure- 
ment resolution. A differential front end rejects common-mode noise. 


The ac voltage/power meter inherent in the analyzer measures ac voltage, or power ac- 
ross an 8-ohm external load. The measurement range for ac voltage is 3 mV to 300 V full 
scale (30 uV to 1 mV in Extended Range Para. 1-16) and for power is 1 uW to 10 kW full 
scale. Voltage ratio measurements with a 100 dB or more of dynamic range can also be made. 


1-3. INPUT POWER REQUIREMENTS 


The Model 1700A System may be operated from either a 95-125 volt or 200-250 volt, 50 
to 60 Hz power source. A two-position selector switch on the rear panel selects the power 
source. Before connecting the instrument to the power outlet, check that the selector 
Switch setting matches the nominal line voltage of the source. 


The Model 1700A System is protected from ac power overloads by a fuse (1A, fast-blown) 
located in a cartridge-type fuse holder on the rear panel. 


1-4. POWER CABLE 


The International Electrotechnical Commission (IEC) recommends that instrument panels 
and cabinets be grounded to protect operating and servicing personnel. The Model 1700A 
system is equipped with a three-conductor power cable assembly which, when plugged into the 
appropriate outlet, grounds the unit through the round offset pin. 


1-5. CONTROLS AND INDICATORS 

The data sheet at the front of the manual illustrates and describes briefly the Model 
1700A Distortion Measurement System's front panel controls and indicators. The following 
provides additional explanatory information: 


a. POWER ON switch connects ac power to Model 1700A System. Pilot lamp glows when 
instrument is turned ON. 


b. +INPUT and -INPUT terminals -- Provide connections for signal being measured. 
Ct GND (ty) terminal -- Provides connection to chassis ground. 
da: COM (4) terminal -- Provides connection to circuit common. 


e. VOLTS/POWER pushbutton -- Selects Volts or Power measurement function. 


INPUT switch -- Selects full scale meter range for Volts or Power measurement function. 
Readings are in volts rms or watts. 


OVERLOAD indicator -- Indicator is lit when input signal overloads input buffer. This 
warns operator that Volts or Power measurement is no longer accurate. 


SET LEVEL pushbutton -- Selects Set Level function whereby meter displays reference 
Signal level for Distortion or Ratio measurement. 


SET LEVEL ADJUST -- Adjusts reference signal level for Distortion or Ratio measure- 
ment. When control is set to CAL position (max. counterclockwise), RATIO ranges ex- 
tend voltage measurement capability to 30 uV full scale (Paragraph 1-16). 


DISTORTION pushbutton -- Selects Distortion measurement function. 
dB VOLTS pushbutton -- Selects Ratio measurement function. 


RATIO Switch -- Selects full scale meter range for Distortion and Ratio measurement 
functions. Readings are in percent or dB. 


NOTCH FREQUENCY indicators -- Facilitate tuning when using an external oscillator. 
When LOW indicator is lit, Model 1700A System frequency is low with respect to in- 
coming signal, when HIGH indicator is lit, Model 1700A System frequency is high with 
respect to incoming signal. System is correctly tuned when both indicators are 
extinguished. (It is normal for one of these indicators to glow when there is no 
input to the 1700A. ) 


SIGNAL COMMON switch -- Switches circuit common from chassis ground, breaking ground 
loops. FLOAT position floats (disconnects) circuit common of System from chassis 
ground; Chassis Ground (7};) position connects circuit common of System to chassis > 
ground. 


FILTERS -- 400 Hz pushbutton selects a filter which suppresses low-frequency noise 
(such as 60 Hz hum) below 400 Hz. 80 kHz pushbutton selects a filter which suppresses 
high-frequency noise above 80 kHz. The 80 kHz filter also reduces effects of AM 

radio station pickup. Both filters affect meter reading only on Distortion and Ratio 
measurement functions. They do not affect meter reading on Volts/Power, and Set Level 
measurement functions. The 400 Hz filter is usable with fundamental frequencies down 
to 400 Hz when making distortion measurements. 


METER -- Indicates signal level of measurement selected by Function pushbutton. 


DISTORTION OUTPUT BNC connector -- Provides distortion product of signal being analyzed 
(suitable for viewing on oscilloscope) on Volts/Power, Set Level, and Distortion 
measurement functions. On Ratio measurement function, this output provides a scaled 
version of input signal. Output is 31.6 mV full scale. 


FAST RESPONSE/LOW DISTORTION switch -- Selects operating mode of oscillator. FAST 
RESPONSE causes oscillator amplitude to settle quickly after a frequency change. 

This mode is recommended when ultra-low distortion measurements are not required, 

for example when making frequency response measurements. LOW DISTORTION selects 

full ultra-low distortion capability of oscillator. The settling time in this mode 

is less than 5 seconds. Actuation of FREQUENCY pushbuttons generally causes oscillator 
to go first to FAST RESPONSE mode and then to settle in LOW DISTORTION mode. This 
Switch controls only the oscillator and is not connected to the distortion analyzer. 


FAST RESPONSE indicator -- Indicates operating mode of oscillator. When lit, oscilla- 
tor is in Fast Response mode and does not have ultra-low distortion. 


FREQUENCY pushbuttons -- Simultaneously select oscillator and distortion analyzer fre- 
quency. Four Multiplier switches and 30 Digit switches permit 3-digit resolution 
within each range. Frequency range of Model 1700A System is 10 Hz to 109.9 kHz. One 
button in each row must be depressed at all times. 
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1-6. 


OSCILLATOR LEVEL control -- Adjusts amplitude of oscillator. Level is variable 
from 3 volts to below 1 millivolt. Control is single-turn logarithmic potentiometer. 


SIGNAL OUTPUT BNC connector -- Provides oscillator output signal. Output impedance 
varies with setting of OSCILLATOR LEVEL control and reaches a maximum of 625 ohms at 
mid-range. 


BUFFERED INPUT SIGNAL BNC connector (located on rear panel) -- Provides replica of 
input signal being analyzed. This signal is referenced to ground and intended to be 
connected to an oscilloscope. 

RESi ESET UP 


In order to take full advantage of the unique ultra-low distortion measuring cap- 


abilities of the Model 1700A System it is extremely important that the cabling between the 


Model 1700A, the amplifier under test, and other test equipment be connected in compliance 
with the arrangement shown in Figure 1-1 and described in the following paragraphs. The 
connections and controls numbered in Figure 1-1] are similarly identified in the test. These 
connections have been found to provide the optimum test setup in most cases. 


1-7. 


Gle 


POWER CONNECTIONS 


Check that power slide switch on rear panel of Model 1700A is set to correct position 
for available ac power (see Paragraph 1-3 for details). 


Do not float the earth ground lead of the power cord of the Model 1700A. (The dif- 
ferential input makes this step unnecessary for breaking ground loops.) 


Plug the Model 1700A, amplifier under test and the oscilloscope (if used) closely to 
each other into the ac power bus. 


. GROUND CONNECTIONS 


Connect Model 1700A GND ace terminal (1) to ground terminal (chassis ground) of am- 
plifier under test. 


NOTE 


This reduces common mode 60-Hz potential differences and provides a path to 
ground for 60-Hz current that may be injected into the chassis of the amplifier 
under test from its own primary power circuits. 


Connect oscilloscope (if used) to BUFFERED INPUT SIGNAL BNC connector (2) on rear 
panel of Model 1700A via cable (3). 


NOTE 


1. This output is from the differential to single-ended converter in the Model 
1700A which provides a replica of the input signal. This signal is referenced to 
ground. 


va If a BNC cable is not used for this connection, the oscilloscope common 
(low) terminal must be returned to the Model 1700A System GND (,4,) terminal (1) via 
a direct connection (4). 


This completes the ground connections necessary for proper Model 1700A operation. 


. SIGNAL CONNECTIONS 


CAUTION 


CONNECTING OSCILLATOR OUTPUT TO A HOT CHASSIS MAY BLOW FUSE, F2 or F3. 
(Fuses located on bottom of instrument. A blown fuse will make FLOAT switch 
ineffective and cause hum problems. ) 


DO NOT EXCEED THE INPUT VOLTAGES LISTED BELOW TO PREVENT BLOWING F101 AND F102. 


With Input Range Switch -- 3 V and Lower. 
1.  300V Below 60 Hz 
as 50 V Above 1 kHz 
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Connect oscilloscope (if used) to DISTORTION OUTPUT connector (5) via cable (6), This 
permits monitoring the distortion products of the signal being analyzed. 


NOTE 


The shell of the DISTORTION OUTPUT BNC connector is returned inside the Model 
1700A System to circuit common through a 1 uF capacitor. The shell of the rear-panel 
BNC connector is at chassis ground. The above connections place this 1 uF between 
the Model 1700A System circuit common and the chassis when using an oscilloscope. 

This permits reasonably noise-free viewing of the waveforms while still retaining a 
considerable amount of immunity to ground loop currents flowing between the Model 1700A 
SIGNAL OUTPUT and the input of the amplifier under test. 


Turn OSCILLATOR LEVEL control (7) fully counterclockwise (minimum level). 
Set gain control on amplifier under test to its lowest setting. 


Connect cable (8) between SIGNAL OUTPUT BNC connector (9) and input of amplifier under 
test. 


Set SIGNAL COMMON switch (10) to FLOAT. 
NOTE 


This achieves the ultimate rejection of unwanted power-line related noise (es- 
pecially in the leads of the input of the amplifier under test). With no other 
equipment such as an oscilloscope connected to the system, there is only a nominal 
.001 uF of capacitance between the System circuit common and chassis ground. The 
corresponding reactance, greater than 2 megohms at 60 Hz, effectively opens the 
ground loops between the Model 1700A and the amplifier under test. 


Connect output of amplifier under test to a suitable 8 ohm load resistor. (Load 
resistor should be in a location free from any ac magnetic field, such as caused by 
a power transformer, to avoid hum pickup). 


Connect signal to be measured (voltage developed across 8 ohm load) between +INPUT 
and -INPUT terminals (11). Use shielded twisted-pair cable for this connection and 
keep test leads as short as possible to avoid extraneous pick up from stray ac fields. 


Connect shield (12) of input wiring to COM ib ) terminal (13). Leave shield (14) at 
other end unconnected. 


NOTE 


1. The input terminals do not have a polarity (as indicated) for ac and may be 
connected either way with no damage to the amplifier under test. 


2. Each INPUT terminal has its own input attenuator and buffer amplifier. In- 
put impedance is 100 kilohm from each terminal to the Model 1700A System circuit 
common. The true differential input circuits of the Model 1700A System help break 
the ground loop that causes 60-Hz pickup on the input leads of most measuring equip- 
ment. 


3. Do not connect one channel of the oscilloscope directly to the output of 
the amplifier under test as this can upset the noise rejection capability of the 
Model 1700A System differential input circuitry. If it is absolutely essential to 
monitor this signal, leave the ground lead of the scope channel disconnected from the 
amplifier under test. 


OPERATING PROCEDURES 


CAUTION 
CONNECTING OSCILLATOR OUTPUT TO A HOT CHASSIS MAY BLOW FUSE, F2 or F3. 
(Fuses located on bottom of instrument. A blown fuse will make FLOAT switch 
ineffective and cause hum problems.) 


DO NOT EXCEED THE INPUT VOLTAGES BELOW TO PREVENT BLOWING FUSES F101 AND F102. 
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With Input Range Switch -- 3V and Lower 
in 300 V Below 60 Hz 
2. 50 V Above 1 kHz 


1-11. TEST CONNECTIONS ( 


Before making measurements with the Model 1700A System, ensure that the equipment has 
been connected as shown in Figure 1-1 and following the instructions given in Paragraphs 
1-6 through 1-9. 


1-12. METER MECHANICAL ZERO ADJUSTMENT 

The meter is correctly zero set when the pointer rests over the zero calibration marks 
on the scale when the Model 1700A INPUT switch is set to 300 V, the VOLTS POWER pushbutton 
is depressed, and there is no input signal (input leads disconnected). To adjust the zero 
set proceed as follows: 


a. Rotate zero adjustment screw (located on front panel below meter) until pointer is 
left of zero. Reverse rotation until pointer is exactly at zero. 


1-13. DISTORTION MEASUREMENT 
To measure the total harmonic distortion of a signal, proceed as follows: 


a. Set FAST RESPONSE/LOW DISTORTION switch to LOW DISTORTION and select fundamental test 
frequency in Hz by depressing appropriate FREQUENCY pushbuttons. 


NOTE 
ts Four Multiplier pushbuttons (X1, X10, X100, X1000) and 30 Digit pushbuttons 


permit 3-digit resolution of frequency selection. For example, 453 Hz would be 
selected by depressing the following pushbuttons: 


Multiplier Ist. Digit end. Digit 3rd. Digit Frequency C 
X10 40 40x10=400 
5 5x10= 50 
i SoxtU=t 3 
453 Hz 


The "100" Digit pushbutton provides a 10% overlap in range. For example, 1010 Hz 
can be selected in two ways: 


Multiplier Isto. Diart 2nd. Digit srd.Digit Frequency 
X10 100 100x 10=1000 


] 1x10= 10 
0 0x10= 0 
1010 Hz 
X100 10 10X100=1000 
0 Ox100= 0 
at TX 1002-6 10 
1010 Hz 


he In the Xl range, operation of the frequency pushbuttons may not always cause 
the oscillator to go through its automatic stabilization cycle. If the oscillator 
amplitude appears to be unstable, momentarily set the FAST RESPONSE/LOW DISTORTION 
switch to the FAST RESPONSE position and then return it immediately to the LOW DIS- 
TORTION setting. 


b. Depress VOLTS POWER pushbutton and set ADJUST control fully CCW to CAL position. 

c. Set INPUT switch to expected range setting. 

d. Adjust OSCILLATOR LEVEL control and/or gain control on amplifier under test for de- 
sired voltage/power level as indicated on Model 1700A meter. Up range INPUT switch 


when meter pointer passes full scale and down range when meter pointer goes below 
1/3 of full scale. 


aN 
, 
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NOTE 


If OVERLOAD indicator lights and meter reads less than full scale, meter reading 
is incorrect due to ADJUST control being incorrectly set. To regain accuracy, turn 
ADJUST control down (CCW) until OVERLOAD light is OFF. 


e. Depress SET LEVEL pushbutton and rotate set level ADJUST control until meter pointer 
rests on SET LEVEL mark. 


ae Depress DISTORTION pushbutton and rotate RATIO switch until meter pointer reaches upper 
2/3's of scale. If desired, depress 400 Hz and/or 80 kHz FILTER pushbutton to filter 
noise from input signal. 


g. Observe distortion either in percentage or dB, as indicated by meter deflection and 
RATIO switch setting. For example, if meter reads .67 and RATIO setting is .1%, dis- 
tortion measured is .067%. 


1-14. DISTORTION MEASUREMENT WITH EXTERNAL OSCILLATOR 
a. Connect equipment as shown in Figure 1-1, with the following exceptions: 


ts Connect power cord of external oscillator to power source close to source used 
by Model 1700A, amplifier under test, and oscilloscope. 


2. Connect output of oscillator to input of amplifier under test. The oscillator 
output may be floated if this gives better test results. 


3. Connect chassis of oscillator to GND (47) terminal on Model 1700A. 
4. Set SIGNAL COMMON switch on Model 1700A tae Canound) position. 
Ds, Set external oscillator to desired frequency and signal level. 


c. Preset Model 1700A FREQUENCY pushbuttons to approximate frequency of external oscil- 
lator. 


d. Set ADJUST control fully counterclockwise (CCW) to CAL position and depress VOLTS 
POWER pushbutton. 


e. Set INPUT switch to expected range. 


f. Adjust external oscillator amplitude control and/or gain control of amplifier under 
test for desired voltage/power level as indicated on Model 1700A meter. 


g. Depress SET LEVEL pushbutton. Rotate ADJUST control until Meter pointer rests on 
SE LEVELsmark. 


h. Set 1700A frequency or external oscillator frequency so both NOTCH FREQUENCY indicators 
are off and that the tuning is approximately centered. 


if Depress DISTORTION pushbutton and set RATIO switch so that meter pointer rests within 
upper 2/3's of scale. If desired, depress 400 Hz and/or 80 kHz pushbutton to filter 
noise from input signal. 


j. Observe distortion in either percentage or dB, as indicated by meter deflection and 
RATIO range setting. 


1-15. AC VOLTAGE/POWER MEASUREMENT 


The Model 1700A is an accurate ac voltage/power meter over its entire frequency range. 
The power scale is calibrated for an 8-ohm load, which must be provided externally. Vol- 
tage may be measured directly from 3 mV to 300 V full scale and power from 1 uV to 10 kW 
full scale. To measure ac voltage or power, proceed as follows: 


a. Ensure that the power and ground connections are as described in Paragraphs 1-7 and 
1-8 respectively. 


Connect signal to be measured between + INPUT and - INPUT terminals. Use shielded 
twisted-pair cable for low-level inputs. Connect shield to COM (1) terminal. 


Set ADJUST control to CAL position and depress VOLTS POWER pushbutton. 
Rotate INPUT switch for an on scale reading (pointer in upper 2/3's of scale). 
NOTE 


The 400 Hz and 80 kHz FILTERS do not affect readings on the ac Voltage Power 
measurement function. 


1-16. AC VOLTAGE MEASUREMENT - EXTENDED RANGE 


The sensitivity of the ac voltmeter can be extended to 30 uV full scale through the 


use of the RATIO switch. To obtain this increased sensitivity carry out the following 
Steps: 


te 


Ensure that power and ground connections are as described in Paragraphs 1-7 and 1-8 
respectively. 


Connect signal to be measured between + INPUT and - INPUT terminals. Use shielded 
twisted-pair cable for signal connection. Connect shield to COM (x7) terminal. 


Set Model 1700A controls as follows: 


dB VOLTS switch --------------------------------------- depressed 
INPUT switch ------------------------------------------ oe 
ADJUST control ---------------------------------------- CAL 


Meter full scale sensitivity is now controlled by RATIO switch as follows: 


RATIO switch Fuli@scale SEnsSitivire 
-80 dB 30 uV 
-70 dB 100 pV 
-60 dB 300 uV 
-50 dB 7 mV 
NOTE 


The 400 Hz and 80 kHz FILTERS will affect meter readings in this mode of opera- 
tion. 


1-17. dB VOLTS MEASUREMENTS 


The dB Volts function facilitates the measurement of voltage ratio, signal-to-noise 


ratio, and frequency response, in dB or percent. The signal-to-noise ratio measurement 
described below provides an example of the use of this function. 


Glin 


Ensure that power and ground connections are as described in Paragraphs 1-7 and 1-8 
respectively. 


Set ADJUST control to CAL position and depress VOLTS POWER pushbutton. 


Set INPUT switch to expected range and adjust appropriate signal level controls for 
desired output signal, as indicated on meter. 


Depress SET LEVEL pushbutton and rotate ADJUST control until meter pointer rests on 
O dB mark. 


NOTE 


For proper 0 dB or 100% set level, reference signal must be at least .1 V and 
not exceed 300 V. 


Remove input signal to amplifier under test and replace with a short circuit across am- 
plifier's input terminals. Set SIGNAL COMMON switch to ;}, (ground) position. 
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NOTE 


When thé input signal to the amplifier under test is removed and replaced with a 
short, this floats entire Model 1700A measuring circuits. Proper grounding can be 
restored by setting the CIRCUIT COMMON switch to the rh (ground) position. 


Depress dB VOLTS pushbutton. Select RATIO switch range which places meter pointer in 
upper 2/3's of scale, Read test result in dB. 


At end of signal-to-noise ratio measurement, return SIGNAL COMMON switch to FLOAT 
position. 


1-18. AUDIO MEASUREMENTS 


Operating instructions for performing certain audio measurements as specified by the 


Institute of High Fidelity (1960) are given below. For these tests, ensure that the fol- 
lowing test conditions are maintained: 


ae 


b. 


Line: 120 V + 1%, 60 Hz, less than 2% total harmonic distortion. 
Temperature: 25 + 3° C. 


Preconditioning: Unit under test should be preconditioned for 1 hour at 1/10 rated 
power. (FTC requires 1/3 rated power). 


Amplifier Gain Controls: Set to maximum. 
Amplifier Tone Controls: Flat. 
Amplifier Balance Control: Set to normal. 


Test Equipment: Model 1700A exceeds all IHF requirements for test equipment accuracy. 


. MAXIMUM POWER OUTPUT AT RATED TOTAL HARMONIC DISTORTION AT 1 kHz 


NOTE 
Amplifier must be able to maintain this power for 30 seconds. 
Set Model 1700A for frequency output 1 kHz. 
Connect SIGNAL OUTPUT to amplifier's AUX or TAPE INPUT on all channels. 


Set RATIO SWITCH so that amplifier's rated distortion gives maximum on-scale reading, 
and observe distortion products on oscilloscope. 


Increase OSCILLATOR LEVEL setting until distortion products on oscilloscope are ex- 
cessive while (1) monitoring power with VOLTS POWER pushbutton depressed and (2) 
keeping signal on scale with INPUT switch. 


When excessive distortion products are present, refine measurement by adjusting OS- 
CILLATOR OUTPUT while measuring distortion until the amplifier's rated distortion is 
reached. 


Switch Model 1700A to VOLTS POWER function and determine amplifier's power output at 
rated distortion. 


. POWER BANDWIDTH 


Maintain test setup as described in Paragraph 1-19. 


Adjust amplifier level until power is 3 dB below rated power (1/2 power) at midband 
(full rated power for FTC). 


Increase Model 1700A frequency in steps from midband while measuring distortion. Stop 
when distortion is equal to amplifier's specifications. This is upper power band- 
width point. . 


d. Repeat step c, this time decreasing Model 1700A frequency until lower power bandwidth 
point is found. The result may be expressed briefly (for example: Power Bandwidth = 
15 Hz to 37 kHz); or it may be shown as a graph of distortion versus frequency, with 
power held constant at 3 dB below rated power. 


1-21. HUM and NOISE or SIGNAL-to-NOISE RATIO 


Make this measurement following the instructions given in Paragraph 1-17 for measuring 
voltage ratios. Drive the amplifier to its rated power output with gain controls set to 
maximum. Then remove the input and obtain a dB ratio reading as described in 1-17. 


Von 


SECTION IL 
PRINCIPLES OF OPERATION 


2-1. INTRODUCTION 


The Model 1700A Distortion Measurement System consists of an ultra-low distortion os- 
cillator, a total harmonic distortion analyzer, and a dc power supply. The system makes 


total harmonic distortion measurements by applying a sine-wave of ultra-low distortion 


from the oscillator to the input of the amplifier under test while the distortion analyzer 
measures the amplifier output. A tunable notch filter in the analyzer, mechanically ganged 
to the oscillator by the front panel frequency select switches, suppresses the fundamental 
Signal. Automatic nulling circuitry fine tunes the notch filter and ensures that the null 
is retained. The signal remaining at the output of the notch filter consists of the dis- 
tortion products and noise. This is displayed by an average-reading voltmeter in the 
analyzer. The ratio of the measured distortion components to a previously set fundamental 
Signal reference level is defined as the total harmonic distortion and can be read out 
directly on the meter in percent or dB. Switchable low-frequency and high-frequency filters 
are provided to enhance the readout of the harmonic products. 


Other features of the Model 1700A include separate Voltage and Distortion measurement 
range switches, separate Set Level monitoring without range changing, and automatic nul- 
ling on all ranges. 


The power supply provides regulated dc voltages of +15 volts and -15 volts to power 
the oscillator and analyzer. Both of these supplies are internally protected against 
accidental short circuit. 


2-2. DISTORTION ANALYZER 
2-3. GENERAL DESCRIPTION 


Refer to Figure 4-2 for a schematic diagram of the distortion analyzer assembly. Note 
that the circuit is divided into the following circuit blocks: Buffer amplifier, overlaod 
detector, notch filter, distortion amplifier and attenuator, amplitude null filters, fun- 
ction switches, and ac meter. The operation of the assembly is discussed first at a circuit 
block level and is then followed by details of each block. 


In operation, the signal to be measured is connected to the input of the buffer amp- 
lifier. This circuit has two outputs: a fixed output which may be connected to the ac 
voltmeter, and a variable output (controlled by the ADJUST control) which is connected to 
the notch filter. The voltmeter is an average reading type which measures the signal level 
selected by the appropriate function switch. 


The overload detector monitors the variable output of the buffer amplifier. If an 
excessively high output voltage is detected, the detector turns on the front panel OVER- 
LOAD indicator. 


The notch filter is mechanically ganged to the oscillator frequency select switches 
and suppresses the fundamental from the output of the buffer amplifier. The output of 
the notch filter is connected to the input of the distortion amplifier through a step 
attenuator controlled by the front panel RATIO switch. The attenuator adjusts signal 
level for the distortion amplifier for various percentages of distortion or ratio readings. 


The amplitude null control and phase null control circuits supply the notch filter 
with its automatic nulling feature. Both circuits monitor the output of the distortion 
amplifier and feed control signals back to the notch filter. 


The sum-point buffer supplies reference signals to the tuning indicator and to the 
amplitude null control circuit. 


The tuning indicator circuit, using frequency information from the notch filter, 
provides the operator with a visual indication of the frequency being analyzed versus the 
input frequency. This circuit operates the NOTCH FILTER HIGH and LOW indicators. 


The switchable low-frequency and high-frequency filters are connected to the output 
of the distortion amplifier. This permits them to be selected for DISTORTION and dB VOLTS 
measurements only. 
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The switchable low-frequency and high-frequency filters are connected to the output 
of the distortion amplifier. This permits them to be selected for DISTORTION and dB VOLTS 
measurements only. 


Le 
The function switches select the circuit to be measured by the ac voltmeter. When G j 
the VOLTS POWER switch is depressed, the meter monitors the output via a stepped attenuator 
from the buffer amplifier. When the SET LEVEL switch is depressed, the meter monitors the 
variable output of the buffer amplifier. Operation of the DISTORTION switch routes the 
signal from the distortion amplifier via the low-frequency and high-frequency filters (if 
selected) to the meter. . When the dB VOLTS switch is depressed, it connects the variable 
output from the buffer amplifier directly to the attenuator at the input of the dis- 
tortion amplifier and hence to the meter. 


2-4, BUFFER AMPLIFIER 


The input of the buffer amplifier contains a pair of step attenuators, one for each 
INPUT connector. The attenuators are controlled by Sections SIA, B, C, D of the INPUT 
Switch. The attenuator outputs are connected to input signal preamplifiers U101 and U102. 
The gain of these units is controlled by section SIE of the INPUT switch. Gain is unity 
on the 3 V range and above, 3.16 on the 1 V range, and 10 on the .3 V range and below. 

The preamplifier outputs are coupled to U103, a bridge amplifier circuit which effectively 
acts as a differential to single-ended converter with high common-mode noise rejection. 
The gain of the bridge amplifier is controlled by ADJUST potentiometer R125 and provides 
the variable signal supplied by the buffer. The range of gain is 10 dB and full scale 
voltage is 3.16 volts. The fixed output from the buffer is obtained between the wiper 

of R125 and ground. This signal remains fixed regardless of the setting of R125, except 
when the buffer overloads. 


2-5. OVERLOAD DETECTOR 


The overload detector signals an overload condition when the variable output of the 
buffer amplifier exceeds approximately 6.5 volts rms sine wave or 9 volts peak. The 
circuit consists of comparator U107, a half-wave rectifier and filter, a light-emitting 
diode driver, and OVERLOAD indicator CR120. < 


SA 


2-6. NOTCH FILTER 


The notch filter consists of two 90-degree phase shifters connected in series, making 
the output 180 degrees out of phase with the input. By summing the input and output at 
summing amplifier U203, the fundamental of the input signal is cancelled out. Feedback 
from the output of the summing amplifier to the input of the filter increases the Q of 
the circuit and narrows the rejection band of the filter. 


Tuning is controlled by changing a set of RC elements for each phase shifter through 
operation of the front panel Multiplier and Digit pushbutton switches. When the reactance 
of the capacitance equals the resistance at the incoming frequency, the phase shift is 
90 degrees. The RC components are contained in the frequency module (see Figure 4-5 for 
schematic diagram). 


2-7. DISTORTION AMPLIFIER AND ATTENUATOR 


The output of the notch filter is coupled through a 7-step attenuator to the input 
of distortion amplifier U204. The attenuator is controlled by section S2D of the front 
panel RATIO switch and reduces the distortion product of the notch filter such that the 
full scale voltage input to the amplifier is 1 mV on ranges .03% through 100% and .316 mV 
on the .01% range. 


Amplifier U204 is a wide-band high-gain unit with gain controlled by section S2E of 
the RATIO switch. The gain is 31.6 for ranges .03% through 100% and 100 for the .01% 
range. This gives a full scale output voltage of 31.6 mV on all ranges. 


2-8. AMPLITUDE NULL CONTROL 


The amp1itude null control circuit controls the amplitude of the signal from the - 
cascaded phase shifter so that exact balance occurs when it is summed with thé input to G 
the phase shifters. This ensures the total cancellation of the fundamental Signal. The 


components which perform this function include phase detector U310, floating integrator 
and voltage follower U312, integrating amplifier U311, integrating capacitors, and a 
photocoupler controlling a variable resistor element in the summing network. 
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The reference input to phase detector U310 is a signal which is in phase with the fun- 
damental and the signal input to U310 is the distortion product output of the distortion 
amplifier. With these inputs, the phase detector monitors the notch filter output for an 
in-phase signal. When this occurs the output of the phase detector supplies drive to the 
integrator causing the charge on the integrating capacitors to change. This in turn causes 
the photocoupler to change the value of the variable resistor which in effect adjusts the 
summing current until the in-phase component is no longer there. 


The integrating capacitors are changed by the RATIO attenuator switch. This in effect 
maintains the automatic null control loop gain at a relatively constant level, resulting in 
high-speed nulling on all ranges. The capacitors are precharged to the integrator output 
voltage level through resistor R360. This avoids switching transients and improves the 
speed of the circuit. 


2-9. PHASE NULL CONTROL 


The phase null control circuit fine tunes the phase of the second phase shifter in the 
notch filter so that the overall phase shift is exactly 180 degrees. This ensures total 
cancellation of the fundamental signal. The components which perform this function include 
phase detector U307, floating integrator and voltage follower U309, integrating capacitors, 
and a photocoupler controlling a variable resistor in the resistive branch of the second 
phase shifter. 


The reference input to phase detector U307 is the distortion product output of the 
distortion amplifier. With these inputs the phase detector monitors the notch filter output 
for an out-of-phase signal. When this occurs, the phase detector output supplies drive to 
the integrator causing the charge on the integrating capacitors to change. The integrator 
output drives the variable gain amplifier, U313, and the voltage to current converter, U314, 
which in turn causes the photocoupler to change the value of the variable resistor which in 
effect adjusts the phase angle until the out-of-phase component is no longer there. 


The integrating capacitors are changed by the RATIO attenuator switch. This in effect 
maintains the automatic null control loop gain at a relatively constant level, resulting in 
high-speed nulling on all ranges. The capacitors are precharged to the integrator output 
voltage level through resistor R344. This avoids switching transients and improves the 
Speed of the circuit. 


A set of resistors that feed signal from integrator U308 to U313, which acts as a gain 
control,is switched by the front panel FREQUENCY switches. This maintains a relatively 
constant integrator voltage when frequency is changed and helps to achieve perfect nulling 
in less than 5 seconds. 


2-10. SUM-POINT BUFFER 


The sum-point buffer supplies a signal from the notch filter summing point to the 
tuning indicator and the amplitude null control, each of which uses the signal as the 
reference input to a phase detector. The buffer consists of unity-gain amplifier U30] 
and high-gain high-speed amplifier U302. These components convert the sine wave at the 
Summing point into a square wave signal. 


2-11. TUNING INDICATOR 


The tuning indicator monitors the phase relationship between the signal input to the 
notch filter's first phase shifter and its output. The relationship is frequency de- 
pendent and is 90 degrees when the incoming frequency is exactly the same as the tuned fre- 
quency of the notch filter. The components performing this function include phase detector 
U303, high-speed amplifier/drivers U304, U305 and HIGH and LOW indicators CR301, CR302. 


The reference input to phase detector U303 is the signal at the input to the phase 
shifter (connected via the sum-point buffer) and the signal input to U303 is the output 
of the phase shifter. When the incoming frequency is exactly the same as the tuned fre- 
quency of the notch filter (90-degree phase relationship), there is no output from the 
phase detector. Under these conditions both indicators are off. However, if the fre- 
quency of the notch filter is high compared with the input frequency, U303 produces a dc 
output which turns on the HIGH indicator. Conversely, if the frequency of the notch 
filter is low compared with the input frequency, a dc output of the opposite polarity from 
U303 turns on the LOW indicator. 
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2-12. FILTERS 


Each filter is an active 3-pole Butterworth having a flat response within its pass- 
band and an attenuation slope of -18 dB/octave. The -3 dB point is 80 kHz for the low- las 
pass filter and 400 Hz for the high-pass filter. Cs 


2-13. FUNCTION SWITCHES 


The function switches select the circuit to be measured by the ac voltmeter. When the 
VOLTS POWER switch is depressed the meter monitors the fixed output, via a step attenuator, 
from the buffer amplifier. When the SET LEVEL switch is depressed, the meter monitors the 
signal from a divider connected to the variable output of the buffer amplifier. Operation 
of the DISTORTION switch routes the signal from the distortion amplifier via the low-frequency 
and high-frequency filters (if selected) to the meter. This connection is not made directly 
by the DISTORTION switch but by the release of the SET LEVEL and VOLTS POWER switches which 
occurs automatically when the DISTORTION switch is depressed. When the dB VOLTS switch is 
depressed, it connects the variable output from the buffer amplifier directly to the at- 
tenuator at the input of the distortion amplifier and hence to the meter. 


2-14. AC METER 


The ac meter circuit consists of high-gain wide-band amplifier UI04, a full-wave 
bridge rectifier circuit, and dc milliammeter M1. It indicates the average value of an ac 
Signal. The input sensitivity is 31.6 mV full scale. The gain of the meter is adjusted 
by potentiometer R15/. 


2-15. OSCILLATOR 
2-16. GENERAL DESCRIPTION 


Refer to Figure 4-4 for a schematic diagram of the oscillator assembly. The oscillator 
is basically a Wein bridge type with a unique ultra-low distortion amplitude control cir- 
cuit. This control circuit provides (1) wide frequency range (2) fast settling (3) flat 
frequency response and (4) ultra-low distortion. No one of these characteristics is i 
sacrificed in order to achieve an improvement in the others. G 
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The oscillator has two operating modes - Fast Response and Low Distortion. When Fast 
Response is selected the oscillator amplitude settles quickly after a frequency change; 
when Low Distortion is chosen, the oscillator settling time to .002% distortion is less 
than 5 seconds. Built-in control circuitry automatically guides the oscillator through 
these modes whenever there's disturbance to the amplitude, for example, a change of fre- 
quency setting. 


2-17. OSCILLATOR CIRCUIT 


The basic Wein bridge oscillator consists of a reactive positive feedback network and 
a resistive negative feedback network, both of which are tied to the output of oscillator 
amplifier Ul. The positive feedback network feeds back to the positive terminal of the 
amplifier and the negative feedback network is coupled to the negative terminal of the 
amplifier. Frequency of oscillation is determined in the positive feedback network by 
the relationship: 


1 
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Where front panel Multiplier switches change a set of capacitors for each frequency 
range and the Digit switches change the resistance value. These components are located 
in the frequency module (see Figure 4-5 for schematic diagram). 


2-18. AMPLITUDE CONTROL 
The ultra-low distortion amplitude control circuit consists of two control loops: 


A high-speed loop and a low-speed loop. These two loops, acting together, effectively 
vary the negative feedback ratio to regulate the oscillator amplitude. “ 
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The high-speed loop, composed of the following major components, stabilizes the os- 
cillator from cycle to cycle. 


a. Peak Detector Q2, Q3. 
b. Active RC filter U2 and associated RC element. 


c. Voltage-controlled resistor (VCR) Ql. 


fine low-speed loop, consisting of the following major components, monitors the bias 
aie the VCR and ensures that the bias is always at an optimum value for low 
istortion. 


a. Comparator R17, R18 (these components are also input resistors for integrator U3). 
Ds Integrator U3 and associated integrating capacitor. 
Cs Photocoupler U7. 


In the following circuit description, assume that the oscillator has been set for Fast 
Response operation. In this mode relays Kl and K2 are de-energized, resulting in the fol- 
lowing circuit conditions: 


a. The time constant for active RC filter U2 is relatively short. 
b. The time constant for integrator U3 is relatively short. 


c. A high value of resistance is connected in parallel with the VCR section of the nega- 
tive feedback loop. This allows the VCR to have a wide control range. 


In operation, when power is first applied to the unit, there is no input from the os- 
cillator. This causes the output of RC filter U2 to be zero and VCR Ql to be at its lowest 
resistance. At the same time, the output of integrator U3 is also zero, which cuts off the 
drive to the light source in U7. This causes the photoresistor to have a very high resis- 
tance. These conditions result in a very low negative feedback ratio in the oscillator, 
causing it to start immediately after power is applied. 


When the oscillator amplitude passes a reference voltage (voltage V2 across R15) at 
peak detector Q2, Q3, the detector produces an output current which starts to charge up 
RC filter U2. This in turn creates a large bias voltage (V1) to the VCR which increases 
its resistance. This tends to lower the amplitude of the oscillator. At the same time, 
comparator R17, R18 detects that voltage V1 is increasing and when it becomes greater than 
its reference voltage (V3), the comparator produces a current which drives integrator U3 
to turn on the light source in U7. The photoresistor responds by decreasing its resis- 
tance, tending to further dampen the amplitude of the oscillator. This action continues 
until (1) The oscillator amplitude equals the reference voltage (V2) and (2) the VCR bias 
voltage (V1) equals the reference voltage (V3). 


After the oscillator has reached a steady state condition, the circuit continues to 
operate as follows: Any time the oscillator amplitude is lower than the reference voltage 
(V2), the ac peak detector Q2, Q3 reduces drive to the RC filter and VCR. This in turn 
causes the VCR to decrease its resistance, bringing the oscillator amplitude back to the 
reference level (V2). If the oscillator amplitude is higher than the reference, a reverse 
action increases the VCR resistance. This operation occurs once per cycle and is performed 
by the high-speed loop. 


The bias (V1) on the VCR is constantly monitored by comparator R17, R18 against refer- 
ence voltage V3. Any difference in voltage level results in a current of corresponding 
polarity. This current is integrated constantly by integrator U3. Over a given period of 
time, if there is an average net increase of VCR bias, there will be an increase of drive 
to the light source of U7. (The opposite is true for a net decrease of VCR bias). This 
increase in drive to the light source will result in a decrease of resistance in photo- 
resistor U7. When this occurs, the VCR is no longer required to have such a high re- 
sistance and hence high bias voltage V1. Therefore, the bias voltage (V1) for the VCR 
will gradually return to its predetermined value, the reference voltage V3. This action, 
which provides a constant optimum bias for the VCR, is performed by the low-speed loop. 
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Now assume that the oscillator has been set for Low Distortion operation and it is in 
a steady state condition. At this time, relays Kl and K2 are energized resulting in the 
following circuit conditions: 


a. The time constant for active RC filter U2 is now longer. This filters the sawtooth (¢ 
voltage driving VCR Q1 to almost a dc level, minimizing its distortion effect. 


b. The time constant for integrator U3 is now longer. This ensures that the stability 
of the control system is maintained. 


c. Resistor R8 is shunted in parallel with VCR Ql. This greatly limits the control range 
of the VCR, reducing its distortion effort. 


The oscillator remains in this state until a disturbance to the oscillator amplitude 
occurs. At this time, the high-speed loop, -in an attempt to maintain the oscillator amp- 
litude, creates an abnormal bias level for VCR Ql. This level is sensed by level detector 
Q4, Q5 which in turn triggers one-shots U6A, U6B with the result that relays Kl and K2 are 


de-energized. This places the amplitude control system in the Fast Response mode previously 
discussed. The system remains in this state for 2!; seconds. 


At the end of the 2% second interval, relay Kl is energized. This causes the following 
circuit action: 


a. A shunt is placed across VCR Q1 to limit its control range. 
b. The time constant of integrator U3 is increased to maintain circuit stability. 


Ge A large capacitor is allowed to charge to the steady state output value of active RC 
filter U2. 


d. A large capacitor is allowed to charge to the steady state output value of integrator 

U3). 

During this intermediate state, which also lasts 2% seconds, the oscillator settles fas 
to a steady state condition. At the end of this interval, relay K2 is energized. This \ 
causes the following circuit action: 

a. The precharged capacitor is connected across RC filter U2. 


b. The precharged capacitor is connected across the integrator U3. 


Thus, after 5 seconds, the control system is back in the ultra-low distortion mode 
with relays KI and K2 energized. 


2-19. POWER SUPPLY 
2-20. GENERAL DESCRIPTION 


Refer to Figure 4-7 for a schematic diagram of the power supply. The assembly con- 
sists of a regulated +15 Vdc supply and a regulated -15 Vdc supply, both of which feature 
current foldback and current limiting. 


2-21. INPUT CURCUIT | 


Main power is coupled to the primary of transformer Tl via POWER switch $3, 115/230 
Vac select switch S5, and fuse Fl. Transformer Tl steps the main voltage down to the 
appropriate level for the individual power supply circuits. 


P22 itl a) VdeSUPRLY 


Full wave rectifier CR601-604 and filter capacitor C601, connected to a secondary 
winding on Tl, produce an unregulated output of approximately +28 Vdc. The regulation 
circuit includes pass element Q601, and integrated circuit regulator U601. Potentiometer 
R603 allows the output to be set to axactly +15 Vdc. C& 
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2-23. -15 Vdc SUPPLY 
The -15 Vdc supply is similar to the +15 Vdc supply described above except that the 


outputs are reversed, resulting in a negative potential with respect to power supply 
ground. Also, the output of this supply is not adjustable. 
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SECTION III 
MAINTENANCE 


3-1. INTRODUCTION 


This section provides performance checks, adjustment and calibration procedures, 
troubleshooting techniques, and repair instructions for the Model 1700A. 


3-2. TEST EQUIPMENT 


Recommended test equipment for performance checking and troubleshooting is listed in 
Table 3-1. Test instruments other than those described can be used provided their spec- 
fications equal or exceed those listed. 


3-3. PERFORMANCE CHECK 
CAUTION 
Due to the ultra-low distortion characteristics of the Model 1700A, only test equip- 
ment with the specifications described in Table 3-1 is capable of making the distortion 
measurements called for in this check. Use of test equipment with equal or higher residual 


distortion to measure, for example, the low distortion oscillator, will result in erroneous 
readings due to: 


a. Residual distortion of measuring equipment. 
b. Reinforcement or cancellation effect of distortion products. 
3-4. GENERAL INFORMATION 

This check can be used as an incoming inspection check and the Overall System Check 
portion (Paragraph 3-5) can be used as a quick method of verifying correct system oper- 
ation. If the correct results are not obtained, refer to the information contained in 


Troubleshooting (Paragraph 3-29). 


Before beginning the check, ensure that all external equipment (oscilloscope, amp- 
lifier under test, etc.) is completely disconnected from the Model 1700A. Also ensure 
that none of the fuses described in paragraph 3-29 are blown. 


3-5. OVERALL SYSTEM CHECK 
36. Distortion Test 
NOTE 


We Before beginning the test, ensure that all external equipment is completely 
disconnected from the Model 1700A. 


2. This test measures the overall distortion of the system, with distortion 
from both the oscillator and the distortion analyzer contributing to the result. To 
measure the distortion of the analyzer assembly, an extremely pure source with a 
distortion of .0002% is required. 


as Connect cable between SIGNAL OUTPUT BNC connector and INPUT terminals. Use - (minus) 
terminal for BNC shell. 


b. Set Model 1700A controls as follows: 


SIGNAL COMMON switch----------------------------------- rh 
INPUT switch------------------------------------------- Bev 
ADJUST control----------------------------------------- CAL 
OSCILLATOR LEVEL control ------------------------------- fully CW (max. level) 
FAST RESPONSE/LOW DISTORTION switch-------------------- LOW DISTORTION 
FREQUENCY pushbutton----------------------------------- X10 

100 = 1000 Hz 
FILTERS pushbuttons------------------------------------ 80 kHz 
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Table 3-1 Required Test Equipment 


TYRE REQUIRED CHARACTERISTICS USE 


Adjustment and 
Calibration 


RECOMMENDED MODEL 


Fluke Model 5200A 
(*See alternate 
method described 
below). 


AC Calibrator | Voltages: 316.2 mV, 1.000 mV, 
3.162 V rms 
Accuracy: + .1% at 1 kHz 


Adjustment and Fluke Model 8000A 


Calibration 


Digital 
Multi-Meter 


DC Voltage Range: 200 mV to 
200 V+ .1% 
AC Voltage Range: 200 mV to 
200 V + .5% 
Resistance Range: 200 ohms to 
20 M ohms 
+-32h 


Troubleshooting 


Frequency Frequency Range: 10 Hz to 110 Adjustment and Fluké Model 1900A 
Counter Calibration 
Period Measurements: 10 Hz to 


1 kHz Troubleshooting 


Accuracy: + .1% 


Hewlett-Packard 
Model 1220A 


Bandwidth: DC to 10 mHz Adjustment and 


Calibration 


Oscilloscope 


Vertical: Dual Channel 


or 
Philips Model 
PM3232 


Troubleshooting 


Frequency Range: 10 Hz to 110 kHz 


Oscillator 
and 
THD Analyzer 


Sound Technology 
Model 1700A 


Troubleshooting 


Residual Distortion: .002%, 10 Hz 
to 10 kHz 


*To produce fairly accurate AC voltages: For 3.00 Vrms -- Monitor oscillator output 
with Digital Multimeter. 


For 1.000 Vrms -- Set 1700A under test to 
100 V range and set oscillator 
output for a 31.6 mV rms 
output with Digital Multimeter. 


For .3162 mVrms -- Same as above except set 


1700A under test to 300 V 
range. ; 
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Depress SET LEVEL pushbutton and rotate ADJUST control until meter pointer is over 
SET LEVEL mark: 


Depress DISTORTION pushbutton and set RATIO switch to .01 range. Check that distor- 
tion reading is less than .004%. 


Select following oscillator frequencies and check that distortion reading for each is 
less than percentage given. 


Multiplier Digit Frequency Distortion 
X10 10 100 Hz .004 
XI 10 10 Hz 0045 
X] 100 100 Hz .004 
X100 100 10 kHz .004 
X100 10 1 kHz .004 
X1000 10 10 kHz .004 


Set RATIO switch to .03 range and change oscillator frequency to 100 kHz (X1000 and 
100 pushbuttons). 


Release 80 kHz FILTER pushbutton. Check that distortion reading is less than .2%. 


. Circuit Common Isolation Check 


Disconnect all cables from Model 1700A and set POWER switch to OFF. 


Measure resistance between GND ih) and COM a terminals for each setting of SIGNAL 
COMMON switch. Check that readings are within tolerance given below: 


SIGNAL COMMON switch Resistance 
FLOAT >10 megohm 
7h <0.5 ohm 


Set SIGNAL COMMON switch Peet position and reconnect cable between SIGNAL OUTPUT and 
INPUT terminals. Set POWER switch to ON. 


. OSCILLATOR CHECK 


. Frequency Test 


Set Model 1700A controls as follows: 


DoGianATORMMe le icontrot == =- eee eee fully CW 
PAST RESPONSE/LOW DISTORTION’ Switch===22e2-"2----se22- FAST RESPONSE 
BREQUENCYa DUSbhUttOns-aero>-—oeeee ease seen on oe 0 art 

1000 on ‘ 


Connect SIGNAL OUTPUT BNC connector to frequency counter and wide-band ac voltmeter. 
Measure amplitude of oscillator output. Check that it exceeds 3 volts. 


Select following oscillator frequencies and check that (1) frequency is + 2% of set 
value and (2) frequency response is flat within 0.2 dB. 


NOTE 
The Model 1700A can be used to measure the ac voltage. If this is done, the 


drop in response at 10 Hz is caused by the characteristics of the voltmeter and not 
the oscillator. 


Multiplier Digit* Frequency 
X10 10 100 Hz 
X] 10 10 Hz 
XI 100 100 Hz 
X100 100 10 kHz 
X100 10 1] kHz 
X1000 10 10 kHz 


*Set remaining digits to 0. 
3-3 


3-10. Distortion Test 


Set FAST RESPONSE/LOW DISTORTION Switch to LOW DISTORTION and set ADJUST control to CAL. (( 


Measure distortion of oscillator at frequencies listed in Paragraph 3-9. 
NOTE 


The measurement technique for making oscillator distortion measurements (and the 
accuracy of the reading) depends on the type of test equipment available to the user. 
In general, this equipment will fall into the following three categories, listed below 
in order of measurement accuracy: 


1. Model 1700A. In the absence of a wave analyzer, the Model 1700A can be used 
to make a rough check of the oscillator's distortion. Carry out the Distortion Test 
described in Paragraph 3-6. 


2. Wave analyzer with a residual distortion of less than -60 dB. Set the Model 
1700A to the 3V range and adjust the OSCILLATOR LEVEL control for a set level mark of 
-10 dB. Then use the wave analyzer to sort out the harmonic distortion products of 
the oscillator. This measurement is, in general, accurate to approximately .0005%. 


3. Wave analyzer with a residual distortion of less than -80 dB. Set the os- 
cillator output as described in 2 above. Connect a twin-T filter, which must atten- 
uate the fundamental by at least 40 dB, ahead of the wave analyzer. Then use the 
wave analyzer to sort out the harmonic distortion products. This method is, in general, 
accurate to .0001% or 1 ppm. A suitable twin-T network for 1.06 kHz is shown in 
Figure 3-2. 


10K 10K 


Correction Factors For (C 
Harmonics: 

2nd. 2.8 

3rd. 1.8 

4th Lies 


NOTE: All resistors are metal-film type, + 1% tolerance 
All capacitors are polystyrene type, + 1% tolerance 


FIG. 3-2 
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Set Model 1700A controls as follows: 


INPUT. “Swi €chs-=-—-- sees ese re a ee 30 V 
OSCILLATOR LEVEL control------------------------------- fully CCW 
FAST RESPONSE/LOW DISTORTION switch-------------------- LOW DISTORTION 
OW DISTORTION swi ten-see2- 22-2 eee ee eee X10 rn noen 

100 enn : G 
RATLOOsWatCh-=2-s= amet) ae eee eee et ee .01 2 
SIGNAL COMMONGSWwit¢hs= sec — = seat eee ee eee hy 
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Depress dB VOLTS pushbutton and adjust OSCILLATOR LEVEL control for full scale reading 
on meter. 


Set RATIO switch to next higher range and check that signal drops by approximately 10 
dB. 


Again adjust OSCILLATOR LEVEL control for a full scale reading and then set RATIO 
switch to next higher range. Check that signal again drops by approximately 10 dB. 


Repeat this operation until a -10 dB reading on 10% range is reached. At this time, 
set OSCILLATOR LEVEL control fully clockwise and then rotate ADJUST control for a full 
Scale reading. 

Set RATIO switch to 30% range and check that signal drops approximately 10 dB. 


Rotate ADJUST control for full-scale reading. Set RATIO switch to 100% range. Check 
Signal drops approximately 10 dB. 


. Volts Power Test 


Set Model 1700A controls as follows: 


BRUINS Wie ie eee eee sop ennr non ee Perens INeays 003 V 

ADJUST control----------------------------------------- CAL 

OSE MOTTO RATE VETO Ont icd tent eee hee ae fully CCW 

FAST RESPONSE/LOW DISTORTION switch-------------------- FAST RESPONSE 

EREOULNG (anuehsurtanss-se0 cep een ete ete es MEY X10 nts 
00 

SRC HRCCCOMMUNGSWIEChe ce Ce te eek see An 


Depress VOLTS POWER pushbutton and adjust OSCILLATOR LEVEL control until meter pointer 
indicates full scale. 


Set INPUT switch to next higher range and check that signal drops by approximately 10 
dB. 


Again adjust OSCILLATOR LEVEL control for a full scale reading and then set INPUT 
Switch to next higher range. Check that signal again drops by approximately 10 dB. 


Repeat this operation until 3 volt range is reached. At this time turn OSCILLATOR 

LEVEL control fully clockwise. Now up range INPUT switch through the remainder of 
its ranges, checking that signal drops by approximately 10 dB on each range. 
Filters Test 


Set Model 1700A controls as follows: 


INPUT switch------------------------------------------- 3 V 

ADJUST. control-------------- 99992 n nn nnn nnn nnn nnn nnn CAL 

OSCILLATOR LEVEL control------------------------------- fully CW 

FAST RESPONSE/LOW DISTORTION switch-------------------- LOW DISTORTION 

FREQUENCY pushbuttons---------------------------------- ue = 400 Hz 
0 

RATIO swi tch--------------- ---------------------------- 0 ,dB 

SIGN COMMUNES HT (che seeoeete ce meete ea cere eee rh 


Depress dB. VOLTS pushbutton and set ADJUST control for a 0 dB meter 
reading. 


Depress 400 Hz FILTERS pushbutton. Check meter for a -3 dB reading. 
Release 400 Hz FILTERS pushbutton. 


Set oscillator frequency to 80 kHz (depress X1000 and 80 pushbuttons) and depress 
80 kHz FILTERS pushbutton. Check that signal attenuation is -3 dB or more. 
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3-15. Residual Noise Test 


a. Set Model 1700A controls as follows: 


INPUT SWi tCha= --- -- 9-9 nnn nn nnn nnn nnn nnn nnn nnn nnn an n= 3 V 

ADJUST control] ------- ----- 9-499 -99- 0-5-8055 0 58s on- CAL 

OSCILLATOR LEVEL control---------------------=--------- fully CW 

FAST. RESPONSE/LOW DISTORTION switch-------------------- LOW DISTORTION 
FREQUENCY pushbuttonS=-------=--~--"--s--- 2-32 ane i ST OOH? 
FILTERS pushbuttons------- <<< -<---<--<-<--------<---~--- 80 kHz 

SIGNAL’ COMMON Switch-o4=s--2=-ssceneceseseneoereneeseee na 


b. Depress SET LEVEL pushbutton and adjust OSCILLATOR LEVEL control until meter pointer 
is at SET LEVEL mark. 


c. Depress DISTORTION pushbutton and set RATIO switch to .01 range. (This reading is 
noise and distortion of oscillator and analyzer). 


d. Depress SET LEVEL pushbutton and adjust OSCILLATOR LEVEL control for a meter reading 
of -15 dB. (This greatly reduces the level of the signal input to the analyzer with 
the result that almost all of the distortion products are eliminated and only the 
residual noise of the analyzer remains). 

e. Depress DISTORTION pushbutton. Check that meter reading is less than .0025%. 

f. &emove cable connected between SIGNAL OUTPUT connector and INPUT terminals. 

g. Place a shorting link between INPUT terminals and connect to COM (b) terminal. 


h. Depress dB VOLTS pushbutton and set controls as follows (meter full-scale sensitivity 
is now 30 uV). 


INPUT switch------------------------------------------- oN | 
ADJUST contro1----------------------------------------- CAL (fully CCW) 
RATI0-------------------------------------------------- 01% 
ie Depress 80 kHz FILTERS pushbutton and check that meter reading is less than 8 uV. 
Ie Release 80 kHz pushbutton and check that reading is less than 15 uV. 


3-16. Common Mode Rejection Test 


a. Connect SIGNAL OUTPUT BNC connector to INPUT terminals and set oscillator frequency 
to 60 Hz (depress X1 and 60 pushbuttons). 


b. Depress VOLTS POWER pushbutton and adjust OSCILLATOR LEVEL control for a meter reading 
of 1 volt? 


c. Remove cable from INPUT terminals and short + and - INPUT terminals together. Now 
connect input cable between - INPUT and GND (7) terminals. 


d. Set RATIO switch to -20 dB range and ADJUST control to CAL position. 
e. Depress dB VOLTS pushbutton. Check that meter reading is -20 dB or lower. 
3-17. ADJUSTMENT and CALIBRATION PROCEDURE 


The following is a complete adjustment and calibration procedure for the Model 1700A. 
The procedure should be carried out only when the Performance check (Paragraph 3-3) in- 
dicates that adjustments are required. If the Model 1700A does not meet the test limits 
specified in the following steps, consult the troubleshooting information provided in 
Paragraph 3-29. The location of the adjustment controls in the analyzer, oscillator, and 
power supply are shown in Figures 4-1, 4-3, and 4-6 respectively. 


3-18. OSCILLATOR SECTION 


3-19. +15 Volt Adjustment 


a. 


b. 


Connect HI lead of digital voltmeter (DVM) to +15 volt terminal and LO lead to GND 
terminal on power supply assembly. 


Adjust potentiometer R603 for DVM reading of +15.000, + .010 V. 


3-20. Photocell AC Voltage Adjustment 


Cis 


b. 


(eA 


3-21. 


a. 


b. 
Ce 


d. 


Set Model 1700A controls as follows: 
FREQUENCY pushbutton----------------------------------- oh = 100 Hz 
FAST RESPONSE/LOW DISTORTION switch-------------------- FAST RESPONSE 


Connect HI lead of DVM to junction of R3 and R4; connect DVM LO lead to "0" terminal 
(oscillator output) on oscillator board. 


Adjust R5 for AC voltage reading of .20V. 


NOTE 


“Clockwise rotation of R5 decreases voltage, counterclockwise rotation increases 
voltage. 


Oscillator Integrator Voltage Change Adjustment 
Set Model 1700A controls as follows: 

FREQUENCY pushbutton----------------------------------- ee aap. Hz 
FAST RESPONSE/LOW DISTORTION switch-------------------- FAST RESPONSE 
Connect DVM HI lead to TP6 and LO lead to GND. 
Connect TP3 to GND with clip lead. Note dc voltage reading on DVM. 


Remove clip lead from TP3. Adjust potentiometer R7 for same dc voltage noted in Step 


_c. + .005 V. 


NOTE 


The following is an alternative method of measuring the TP6 voltage with a 
floating VTVM: 


Connect LO terminal of VTVM to positive terminal of C603 on power supply board 
and the HI terminal to TP6. (In this case, the dc potential at C603 is used as 
a bucking voltage so that the VTVM can be set to a lower (move sensitive) range 
to resolve the required 5 mV). 


3-22. Oscillator Integrator Output Adjustment 


CAUTION 
If the photocoupler has been replaced, allow at least 10 minutes to elapse before 


proceeding with this adjustment. This is to allow the unit (and the technician!) to 
cool off after soldering. 
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3-26. 


Set Model 1700A controls as follows: 

FREQUENCY pushbuttons re a, cae eine a eee oe Peet Boe ar ee a Ck Cote te them orc ined tie Me ay 100 Hz 

FAST RESPONSE/LOW DISTORTION switch-------------------- FAST RESPONSE € 
Connect DVM HI lead to TP6 and LO lead to GND. Adjust R20 for +6.5* volts dc at TP6. 

*The 6.5 V setting is for a dark adapted photocoupler. This 1s a photocoupler which 

has been in the off state for the last 24 hours (instrument power off). It is normal 


for the voltage at TP6 to gradually increase with time. 


If the dc voltage at TP6 is greater than +8 V after the instrument has been on for 24 
hours or more, readjust R20 for +8 V at TP6. 


. Oscillator X1000 Frequency Range Adjustment 


Depress Model 1700A X1000 Multiplier and Ist Digit 10 FREQUENCY pushbuttons. Set 2nd 
and 3rd Digits to zero. 


Monitor (1) dc voltage between TP6 and GND and (2) frequency of oscillator. 


Adjust trimmer capacitors across C33 and C38 with an insulated trimmer tool until (1) 
dc voltage is in range of 6.5 V to 8 volts and (2) frequency is 10.0 kHz + 1.5%. 


Depress 100 Digit FREQUENCY pushbutton. Check that (1) dc voltage is in range of 6.5 
to 8 volts and (2) frequency is 100 kHz + 1.5%. 


Repeat Steps c. and d. until voltage and frequency readings are within specifications 
stated. 


. ANALYZER SECTION 


- De Zero Adjustment 


Connect a short between +INPUT, -INPUT and COM (ty terminals. AS 
Set Model 1700A controls as follows: 


INPUT switch------------------------------------------- ou 
ADJUST control----------------------------------------- fully CW 


Connect DVM HI lead to TPI and LO lead to TP2. Adjust potentiometer R219 for a DVM 
reading of zero volts + 10 mV. 


Connect DVM HI lead to negative side of capacitor C209. Adjust potentiometer R217 
for DVM reading of zero volts + 10 mV. 


Connect DVM HI lead to TP9 (located at rear of board). 


Set Model 1700A controls as follows: 


TNPUL Swit CheS-- oe axes coe ee See ee ee 3 .V 
ADJUST control----------------------------------------- CAL (fully CCW) 
RATIO switch------------------------------------------- <0 


Adjust potentiometer R234 for reading of zero volts + 10 mV. 
Null Adjustment 


Set Model 1700A controls as follows: 


INPUT switch----------------------------------------.-- 3 V 
ADJUST control----=-----------~-2 ~~ 22-2 se CAL (fully CCW) 
RATIO switch------------------------~------------------ 10% (< 


DISTORTION pushbutton---------------------------------- depressed 
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SIGNAL COMMON switch--------------- w------------------- hy (ground) 
FREQUENCY pushbuttons---------------------------------- X10 


Tioaiias 100 Hz 
OSCILLATOR LEVEL control------------------------------- fully CW 
LOW DISTORTION/FAST RESPONSE switch-------------------- LOW DISTORTION 
FILTERS ---- -- ---- ------ -- 2 2 -- 2 2 en ee --------- 80 kHz depressed 


b. Connect cable between SIGNAL OUTPUT connector and INPUT terminals. 


c. Connect one channel of oscilloscope to BUFFERED INPUT SIGNAL connector (at rear of 


instrument). 
d. Adjust oscilloscope so that waveform is synched to Buffered Input Signal. 
e. Monitor waveform at pin 6 of U312 with the other scope channel. 
f. Adjust R351 for minimum fundamental signal at pin 6 of U312. 
g. Now, monitor waveform at DISTORTION OUTPUT. 


h. Adjust potentiometers R337 and R354 until Distortion output waveform contains no fun- 
damental signal. 


3-26A. Phase Null Integrator Voltage Adjustment 

a. Set Model 1700A controls as described in Paragraph 3-6, Steps a. through d. 

b. Connect DVM HI lead to TP9 and LO lead to TP6. 

c. Adjust R364 for a dc voltage reading of 2.8V*. 
*The 2.8V setting is for a dark adapted photocoupler. This is a photocoupler which 
has been in the off state for the last 24 hours (instrument power off). It is normal 


for the voltage at TP6 to gradually increase with time. 


If the dc voltage between TP9 and TP6 is greater than 3.0 V after the instrument has 
been on for 24 hours or more, readjust R364 for 3.0 V. 


3-27. Tuning Indicator Adjustment 


a. 


Set Model 1700A controls as follows: 


INPUT switch---------------------- -- <= <2 2- 22 enn n= - Sa 

ADJUST control----------------------------------------- CAL (fully CCW) 

RATIO switch------------------------------------------- 1% 

FREQUENCY pushbuttons---------------------------------- X10 eae 3rd. digits to 
zero 

OSCILLATOR LEVEL control------------------------------- fully CW 

FAST RESPONSE/LOW DISTORTION=> <e=eoeremncen ee teen ee FAST RESPONSE 

SIGNAL COMMON switch----------------------------------- r+ (ground) 


Connect DVM LO lead to green wire connected to NOTCH FREQUENCY indicators and HI lead 
to junction of R320 and pin 6 of U305. . 


Depress in turn each FREQUENCY Ist digit pushbutton and observe DVM voltage readings. 
Record (1) digit giving most positive reading and its value and (2) digit giving most 
negative reading and its value. 

Depress X1 Multiplier FREQUENCY pushbutton, and repeat procedure described in Step c. 
Depress X100 Multiplier FREQUENCY pushbutton and repeat procedure described in Step c. 
Review all readings recorded and determine (1) most positive value and (2) most nega- 
tive value. Add these two values together (to determine voltage range) and then 
divide number by 2 (to determine mid-point). 


Depress digit previously determined to have most positive reading and adjust potentio- 


meter R312 until DVM indicates mid-point value determined in Step f. See example below: 


Multiplier Most Pos. Digit Most Neg. Digit 
X10 O05 Fr PEON. 50S S20 
XI OU 20. <V 505 =. 708V 
X100 602 UTA. 505. J000V 


Overall most positive = X10, 60 = + 1.0 V 
Overall most negative = Xl, 50 = - .70 V 
Range = 1.70 V, mid-point = .85 V 

Adjust. X10..60 for +..85 V 


Depress X1000 Multiplier pushbutton and repeat Steps c. and f. 


Now depress digit giving most positive value and using a non-metallic screwdriver, 
adjust trimmer capacitor accessible through hole in shield on right-hand side of 
Instrument for mid-point value determined in repeat of step f. 
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3-28. Calibration at 1 kHz 


a. 


Set Model 1700A controls as follows: 


VOLTS POWER pushbutton--------------------------------- depressed 

FILTERS------------------------------------------------ out 

FREQUENCY pushbutton----------------------------------- XV! Se ty a 
1008) 4 f 

INPUT swi tch---------------- --------------------------- 3.4 

ADJUST control----------------------------------------- CAL (fully CCW) 

RATIO switch------------------------------------------- 03% 

SIGNAL COMMON switch----------------------------------- > (ground) 


Set meter mechancial zeroing as described in Paragraph 1-12. 


Apply an accurate 3.162 V + 0.1% or better 1 kHz signal between +INPUT and -INPUT ter- 
minals. Connect low side of test signal to -INPUT. 


Connect chassis of precision ac source to GND les terminal on Model 1700A. 


Adjust Meter Sensitivity potentiometer R157 for an exact full-scale reading (1.0 mark 
on VOLTS scale) on meter. 


Depress SET LEVEL pushbutton. Adjust Set Level potentiometer R146 for an exact full- 
scale reading. 


Change input signal level to 1.000 mV. Depress dB VOLTS pushbutton and adjust Distor- 
tion Amplifier Gain potentiometer R237 for an exact full-scale reading. 


Change input signal level to .3162 mV and set RATIO switch to .01%. Adjust Distortion 
Amplifier Gain potentiometer R239 for an exact full-scale reading. 


. TROUBLESHOOTING 


Check the two 3AG 1 Amp fuses located on bottom of instrument. 


Before attempting to troubleshoot the Model 1700A, ensure that the fault is with the 


Model 1700A and not caused by the test setup or associated equipment. The Performance Check 
(Paragraph 3-3 enables this to be determined without having to remove the covers from the 
Model 1700A. 


If an abnormal condition is observed during the Performance Check, Table 3-2 will 


Suggest remedies. However, before proceeding with detailed troubleshooting, note the fol- 
lowing suggestions: 


a. 


A good understanding of the principles of operation of the Model 1700A will assist .the 
troubleshooter and it is recommended that the reader be familiar with the contents of 
Section II of this manual. 


Any suspected malfunction should first be tested with the Performance Check. This 
need not be carried out in its entirety ---- only the portion applicable to the sus- 
pected malfunction need be performed. 


Verify proper power supply operation by measuring the +15 Vdc and -15 Vdc voltages. 
Check also the +12, -6 and -8 Vdc supplies which operate the null control circuits on 
the analyzer board. 


Many measurement problems or bad readings can be related to incorrect grounding. Refer 
to Paragraph 1-8 for correct grounding instructions. 


The differential input circuitry of the Model 1700A requires a return to circuit 
common. Check the input cabling for proper connections. 


Attempt to isolate the malfunction to either the oscillator or the distortion analyzer. 
After this, try to isolate the fault to a circuit block within the suspected unit. 
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g. Determine component failure within the analyzer by operating the Model 1700A without 
an input signal and then comparing dc levels with those marked on the schematic. 


h. Since the instrument contains a number of identical components mounted in plug-in 
sockets, it is permissible to switch these units in order to isolate a malfunction. 
However, known gagd components must always be returned to their original locations. 


i. Phase detector U303 in the tuning indicator need not be in position for proper notch 
filter operation. This component can therefore be used to isolate a malfunction in 
the null control circuits. But be sure to return the original I.C. to U303 when done. 


lve Abnormally large potentials (more than = eke) mV) measured between the + and - input 
terminals on operational amplifiers generally indicate a defective amplifier. 


k. When a malfunction occurs try first to find out if the trouble relates to any particu- 
lar pushbutton. If it does, it may be possible to cure the problem by depressing and 
releasing the defective button several times. 


3-30. SYMPTOM/CAUSE TABLE 


Table 3-2 contains symptoms of Model 1700A malfunctions and provides diagnostic tests 
for the location of these faults. Before beginning detailed troubleshooting, the reader 
is advised to study notes a. through k. in Paragraph 3-29. 


Following the replacement of a defective component, refer to Paragraph 3-31 for in- 
structions regarding any necessary calibration and/or adjustment procedures. 


3-31. COMPONENT REPLACEMENT - CALIBRATION and ADJUSTMENT 


Portions of the Model 1700A Adjustment and Calibration Procedure (Paragraphs 3-18) 
and other adjustments must be completed following the replacement of certain components 
in the instrument. These components, and the applicable Adjustment/Calibration Procedures 
are as listed below: 


Component Required Adjustment/Calibration Procedure 
a. Photocoupler U7 Oscillator Integrator 
(Oscillator) Output Adjustment (Paragraph 3-22) 
bs Voltage - controlled Oscillator Integrator Voltage 
resistor Q1 Change Adjustment (Paragraph 3-21) 
(Oscillator) 
(oe Operational Amplifier Oscillator X1000 Frequency Range 
Ul (Oscillator) Adjustment (Paragraph 3-23) 
d. Operational Amplifiers DC Zero Adjustment - related 
26057 '2625 adjustment (Paragraph 3-25) 
(Analyzer) . 
e. Meter MI Calibration at 1 kHz 
(Analyzer) (Paragraph 3-28) 
fee Phase detectors Null Adjustment 
U307, U310 (Paragraph 3-26) 
(Analyzer, null control) 
g. Phase detector Tuning Indicator Adjustment 
U303 (Paragraph 3-27) 
(Analyzer, tuning 
Indicator) 
h. Photocoupler U205 Allow 10 minutes for the photocoupler to cool 
(Analyzer, phase off after soldering. Phase Null Integrator 
null control) Voltage Adjustment (Paragraph 3-26A). 


oe 


i. | Photocoupler U206 Allow 10 minutes for the photocoupler to cool 
(Analyzer, amplitude off after soldering. Set controls as described 
null control) above. Connect DVM HI lead to TP8 and LO lead to 

TP7. Reading is dc voltage across R359. Calculate 
current through it. If necessary, select new value 
for R359, such that 1.4 + .2V is developed across 

it. Replace R359. 


3-32. REPLACEMENT and REPAIR 
3-33. SPECIAL PRECAUTIONS 
3-34. Contamination 
The performance of the Model 1700A will be greatly degraded by contamination of the 
circuit-board surfaces or components. Finger marks and 011 droplets are contaminants to 
be especially avoided. To minimize the possibility of contamination, observe the following 


precautions: 


a. Do not disassemble any portion of the Model 1700A unless absolutely necessary (for 
example, to replace relays on oscillator board or to service frequency modules. ) 


b. Avoid any unnecessary handling of the printed-circuit boards or components. Replace 
components from the top side of the boards only. 


c. Employ only the soldering and component replacement techniques described in Paragraphs 
3-36 through 3-39. 


3-35. WIRING 


Lead dress within the instrument should not be altered. This is especially important 
with the wires running between the rotary switches and the distortion analyzer assembly. 
Before removing an assembly with wires attached, make a sketch showing the exact arrange- 
ment of the wires so that they may be replaced in the same manner. 


3-36. SOLDERING TECHNIQUES 

a Use a low-wattage iron with a pencil-Shaped tip and allow it to reach full operating 
temperature before use. A fully-heated iron ensures the quick completion of soldering 
and minimizes the chance that the etched wiring on the printed-circuit boards will be 
damaged by excessive heat. 

b. Before using the soldering iron, wipe it off to remove excess solder and oxide. 


Cr Use only a solder with non-corrosive non-conductive flux. Do not use acid-cored solder. 


die Do not clean off the rosin around the soldered joint with a wire brush or metal scribe. 
This will destroy the high electrical resistance of the board. 


3-37. COMPONENT REPLACEMENT 
CAUTION 
The use of Soder-Wick* (rosin-impregnated copper braid) or a similar product is 
highly recommended for the removal of solder during the de-soldering operation. If 
it is not available, and a vacuum-type de-soldering tool is employed, ensure that it 


is cleaned:before use. This is to prevent the possibility of conductive debris being 
sprayed on the board during the de-soldering process. 


*Soder-Wick may be obtained from Solder Removal Company, Covina, CA, U.S.A. 


SYMPTOM 


Oscillator will not settle 
down to low distortion mode 


Oscillator has excessive 
unstable distortion readings 


Oscillator has excessive 
third harmonic distortion 


Oscillator produces 
clipped waveforms 


Oscillator has no output 
on all frequencies 


Oscillator has hum output 


Hum in distortion output 


Distortion reading contains 
excessive hum 


High distortion reading 
under all conditions 
(Not Nulling) 


Table 3-2 


PROBABLE CAUSE DIAGNOSTIC TEST 


Photo-coupler, U7 Replace photo-coupler 


VCR, Ql] Replace VCR 


Do oscillator Integrator 
Change Adjustment (Para- 
graph 3-21) 


R7 out of adjustment 


Dual Timer, U6 Replace U6 


Replace U1 


Oscillator amp. Ul] 


Photo-coupler, U7 Replace 


VCR, Q] Replace 


Oscillator amp., Ul] Replace 


Photo-coupler, U7 Replace 


Replace 


Photo-coupler, U7 


RC filter amplifier, U2 Replace 


Integrator Amplifier, U3 Replace 


Replace 


Oscillator Amp., UI 


Q2 
Replace UI 


Peak detectors, Q2, Q3 Replace 


Oscillator Amp., UI] 


Check that ground and 
connections are in com- 
pliance with Paragraphs 
1-8 and 1-9 


Improper ground connections 
or Float switch set to ground 


(453 position 


Check that connections are 
in compliance with Para- 
graphs 1-8 and 1-9 


Missing chassis connection 
between 1700A and scope 


Check that connections are 
in compliance with Para- 
graphs 1-8 and 1-9. 


Missing ground return for 1700A 
differential front end 


Amplitude Null Circuit 
(U302, U310, U311, U312) 


Check D.C. voltages on 
Null circuit without input 
signal 


Photo-coupler, U206 Replace U206 


Phase Null Circuit (U306, U307, 
U308, U309) 


Check D.C. voltages on 
Null circuit without input 
Signal 


Photo-coupler, U205 Replace U205 
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Table 3-2, Continued 


SYMPTOM PROBABLE CAUSE DIAGNOSTIC TEST 


High distortion reading 
under all conditions 
(Not Nulling), Cont. 


One of Notch frequency 
lights stays ON during 
measurement on all 
frequencies 


Analyzer has excessive 
unstable distortion 
readings 


One of notch frequency 
lights stays ON during 
distortion measurement 
on some frequencies 


Nulling becomes excessively 
slow 


Not Nulling on some 
frequencies 


Notch Filter (U201, U202, 
U203, U301) 


Leaky zener diode CR304 or 


CR305 


Tuning indicator circuit 
(U303, U304, U305) 


Phase detector, U303 


R312 out of adjustment 


Photo-coupler U205 or U206 


Oscillator frequency drifted 
out of + 2% limit 


R312 out of adjustment 


Range capacitor(s) or digit 
resistor(s) drifted out of 
tolerance in analyzer section 


Oscillator drifted up in 
frequency 


Photocoupler U205 or U206 
characteristic changed 
causing a high integrator 
voltage 


Bad contact in pushbutton 
Swi tch 
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Open feedback loop by 
lifting up one end of R203 
(100 ohms). Check D.C. 
voltages on Notch Filter 
circuit without input signal 


Disconnect zener from cir- 
cuit while operating in 
Distortion Function 


Check D.C. voltages on 
circuit without input 
signal 


Replace U303 


Do tuning indicator 
adjustment (Paragraph 3-27) 


Make certain the symptom 

is from the analyzer sec- 
tion and not the oscillator 
section. Then replace 

U205 or U206 


Check oscillator frequency 
with counter 


Do tuning indicator ad- 
justment (Paragraph 3-27) 


Unsolder range capacitor(s) 
from P.C. board to measure 
value. Check the suspected 
resistor(s) by actuating 
proper pushbutton(s) and 
measure at analyzer P.C. 
board. 


Check frequency with 
counter 


Do Phase Null Integrator 
Voltage Adjustment (Para- 
graph 3-26A. 

Check D.C. voltage at TP8 
with respect to TP7. If 
voltage is greater than 

6 volts, change R359 ac- 
cording to procedure des- 
cribed in 3-31-i. If new 
R359 < 500 ohms, change 
U206. 


Refer to Troubleshooting 
Paragraph 3-29-k 


3-38. Multi-Lead Devices 


Follow the instructions given below when replacing multi-lead components on the 
printed-circuit boards: 


a. Cut all leads to remove device from P.C. board. The pieces of the leads that remain 
can then be unsoldered from the board. 


CAUTION 
Be sure to hold each lead with needle-nose pliers when it is unsoldered. This is 
to prevent the possibility of a lead dropping through a hole and shorting traces below 
the board. 

b. Using Solder-Wick, remove remaining solder from component holes. 

c. When replacing a device, ensure that the length of its leads match the length of the 
leads on the device removed. Do not push the new device too far down into board as 
this may cause a short to the metal deck below. The clearance between the boards and 
the metal deck is 1/4 inch. 

3-39. Potentiometers 
The small black rectangular potentiometers are attached to the printed-circuit boards 

by three leads projecting from their lower surface in line with the numbers "1", "2", and 

"3" marked on top. To remove this type of potentiometer, proceed as follows: 

a. Carefully raise side of potentiometer opposite numbers until leads below are visible. 

b. Continue bending leads until there is sufficient clearance for tip of soldering iron. 

c. Unsolder potentiometer following instructions given in Paragraph 3-38. 

d. Install replacement component following reverse procedure. 

3-40. Power Supply 
The majority of the components on the power supply assembly may be replaced without 

removing the board from its location on the rear panel. However, if additional access is 


required proceed as follows: 


a. Remove bottom cover from Model 1700A and remove retaining screws securing power supply 
board to rear panel. 


b. Slide power supply board forward through bottom of instrument as far as wires attached 
to it will allow. 


3-4]. FREQUENCY MODULE REPAIR 
3-42. General 


The following procedure details step by step instructions for disassembly and repair 
of the instrument's frequency module. It is recommended that this procedure be closely 
followed and performed only by personnel familiar with electronic equipment disassembly/ 
assembly techniques. 


3-43. Removal/Replacement 
CAUTION 
Certain subassemblies in the instrument are secured with hardware which includes 
insulating washers. Note the location of these washers when disassembling the unit 


and replace them in the same locations on reassembly. Failure to observe this pre- 
caution will result in improper operation of the instrument. 


YZ 


Remove top and bottom covers and place instrument on clean work surface. 


Remove four screws securing right side brace (side nearest power transformer) to front 
and rear panels. 


Remove three screws securing deck and switch bracket in the bottom channel of right side 


brace. 

Remove handle caps and two screws securing handle to right side brace. 
Remove two screws securing analyzer deck to rear panel. 

Remove two screws securing left side brace to rear panel. 

Pull back rear panel and slide out brown handle plate on right side brace. 


Remove screw (which was beneath brown handle plate) securing switch bracket to right 
Side brace. 


Remove four screws securing power supply assembly to rear panel. Move power supply to 
allow access to oscillator deck screws. 


Remove two screws securing oscillator deck to center divider. 
Remove two screws securing switch bracket to center divider. 


Carefully withdraw oscillator portion of frequency module from instrument. Unsolder 
wires attached to assembly if complete removal is desired. 


NOTE 


The wires are color-coded for attachment to the numbered holes in the printed 
circuit board; black = 0, brown = 1, red = 2, orange = 3, yellow = 4, etc. 


Remove four nuts securing analyzer portion of frequency module to front panel. Slide 
assembly back for access and unsolder wires if complete removal is required. 


Replace analyzer and oscillator frequency module assemblies and reassemble instrument 
following reverse procedure. 


NOTE 


1. When replacing analyzer portion of frequency module, line up pushbuttons 
with openings in front panel. 


2. When replacing oscillator portion of frequency module, line up pushbars 
vertically with the rear of the pushbars of the analyzer section. Ensure also that 
there is a .015 inch clearance between the analyzer and oscillator pushbars, with the 
pushbuttons in undepressed position. See Figure 3-2 for details. 


3-44, Repair Instructions 


CAUTION 


Field repair of the frequency module is limited to replacement of defective RC 
components on the switch boards. Replacement of pushbutton switches is not recom- 


mended -- order a replacement switch board from the factory. 


Remove bus wires running between boards, using multi-lead component desoldering tech- 
nique described in this section of the manual. (paragraph 3-38) 


Detach board containing defective components from switch bracket and replace component. 


Reassemble module, replacing bus wires removed in step a. 
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NOTE 


1. Spacing between boards must be 25/32 inch (inside to inside dimension) to 


ensure proper alignment. 


2. Boards must be perpendicular to switch mounting bracket. 


OSCILLATOR SWITCH 
MTG. BRACKET 


<@— OSCILLATOR DECK 


.015 CLEARANCE 


ANALYZER SWITCH ANALYZER FREQUENCY OSCILLATOR FREQUENCY 
MTG. BRACKET MODULES MODULES 
NOTE VERTICAL 
ALIGNMENT 
FIG. 3-2 
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SECTION IV 
DIAGRAMS 


4-1. INTRODUCTION 


This section contains the circuit diagrams necessary for the operation and maintenance 
of the Model 1700A. Included are schematic diagrams and component location diagrams. 


4-2. SCHEMATIC DIAGRAMS 

The circuitry contained within each assembly is shown in the schematic diagrams. As 
an aid to isolating malfunctions, the diagrams also provide typical operating voltages and 
wave-forms. 
4-3. COMPONENT LOCATION DIAGRAMS 

The component location diagrams show the physical location of parts mounted on each 


assembly. Each part is identified by a reference designator, similarly identified on the 
schematic diagrams and in the parts list. 


4-1 
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MODEL 17008 
Option 004 


INTERMODULATION DISTORTION 
ANALY ZER 


Measure total harmonic distortion and intermodulation distortion 
with one instrument — 


THIS OPTION FITS RIGHT IN THE 1700B DISTORTION MEASUREMENT SYSTEM 


Measures Intermodulation Distortion down to .0025%. 


70 dB Output Attenuator tracks 1700B Input Switch for 
rapid measurements, works when measuring THD, too. 


Available with automatic set level to cover between 10 dB 


steps for even faster operation. 
4:1 and 1:1 ratios are switch selectable. No HF or LF adjust- 
ment required. 


Continuously adjustable LF:HF ratio lets you choose the 
ratio you want using the 1700B meter. 


Measures peak equivalent single-tone voltage or power. 


fy SOUND TECHNOLOGY 


1400 DELL AVENUE 
GS | CAMPBELL, CALIFORNIA 95008 
& (408) 378-6540 


Specifications 


MEASUREMENT SECTION 


All 1700B specifications and performance features are re- 
tained with the following additions. 


intermodulation Distortion Ranges: 0.01% to 100% full 
scale in 9 ranges. 

Residual Intermodulation Distortion and Noise: < 0.0025% 
with internal generators set at 4:1 for input signals greater 
than 0.3V (10 mw across 8Q). < 0.004% for input signals 
0.1V to 0.3V. 

intermodulation Distortion Accuracy: +2% full scale. 


Peak Equivalent Single Tone RMS Voltage Accuracy: +2% 
full scale. 


GENERATOR SECTION 


Output attenuator and vernier control the single tone sine- 
wave oscillator output as well as the intermodulation dis- 
tortion generator output. All 1700B oscillator specifications 
apply except output level control is via the attenuator and 
output impedance is 60022. 


Output Voltage: 1mV to 3V open circuit, peak equivalent 
single tone RMS. 

Output Attenuator: 70 dB in 10 dB steps, accurate within 
+0.1 dB. 

Output Vernier: > 10 dB range, continuously adjustable. 
Output Impedance: 60022 +1%. 

Low Frequency Generator: 50 or 60 Hz synchronized with 
power line. Total Harmonic Distortion < 0.1%. 

High Frequency Generator: 7 kHz +1%. 

LF/HF Ratio: Switch selectable 4:1 +1% or 1:1 +2%. Con- 
tinuously variable from 1:1 to > 100:1 with HF amplitude 
control. 


GENERAL 
Weight: Adds 5 Ibs. to 1700B weight. 


Data subject to change without notice. 
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1700B Modification Notice 


O-1 INTRODUCTION 


The Sound Technology Model 1700B Distortion Measurement System, first 
introduced in January, 1976 incorporates two design refinements not found 
on the 1700A. These refinements consist of two momentary front panel switches; 
~one which replaces the oscillator signal at the SIGNAL OUTPUT jack with a 
floating short, and another which allows the operator to monitor the oscillator 
output signal with either the AC Voltmeter or Distortion Analyzer. 


The reader should be aware that the terms, "1700A" and "1700B" are 
interchangeable as used throughout this manual. 


O-1 OPERATION 


a. Signal Off Switch 


When depressed, this switch replaces the front panel SIGNAL OUTPUT jack 
with a floating short circuit. This enables the user to make signal to 
noise ratio measurements without the necessity of disconnecting cables. 


b. Analyzer Select Switch 


When this switch is depressed, the INPUT connectors are temporarily 
isolated and instrument is now monitoring the signal that appears at 
the SIGNAL OUTPUT Jack. The user may select either volts/power or 
DISTORTION function pushbuttons and measure the oscillator output 
voltage or residual distortion. 
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SECTION I 
GENERAL INFORMATION 


1-1. INTRODUCTION 


This supplement provides operating and service information for th 
U T e Model 1700B 
Intermodulation Distortion (IMD) Analyzer Option 004. The information contained in the 
Supplement pertains to the IMD option only. Consult the Model 1700B manual for additional 
Hee regarding primary power requirements, grounding details, and cabling 
instructions. 


1-2. MEASUREMENT TECHNIQUE 


é The IMD option is based on the SMPTE (Society of Motion Picture and Television 
Engineers ) method to measure IMD whereby a large 60-Hz signal is combined with a smal] 
_7 kHz signal in a four-to-one amplitude ratio. Passing this combined (composite) signal 
through a non-linear device results in the appearance of new frequencies above and below 
7 kHz in multiples of 60 Hz. The effect of these new frequencies is. amplitude modulation 
of the 7 kHz signal, which can be detected. 


The component parts of the IMD option include a signal source and an IM analyzer. 
The signa] source generates a low-frequency sinusoid and a high-frequency sinusoid that 
are mixed and fed to the input of the device under test. Level controls are provided so 
that the amplitude of the composite signal can be set to the desired level. The signal 
from the output of the device under test is then fed back to the analyzer circuits of 
the IMD meter. A high-pass filter removes the low frequency, leaving only the high 
frequency together with any possible low-frequency modulation. This signal is input 
to an envelope detector (or absolute value detector) resulting in only the rectified 
carrier with its amplitude varying at a low-frequency rate. A low-pass filter removes 
the carrier, leaving only the modulation products. The amount of these products is in- 
dicated on the meter in terms of percentage of the high-frequency signal passed through 
the high-pass filter. ; 


1-3. IMD OPTION 


This option adds IMD measurement capability to the Model 1700B Distortion Measurement 
System. it employs the IMD measurement technique described above and in addition provides 
the user with a number of unique Operating features. These are detailed in the following 
paragraphs. 


The IM signal source contains a 60 Hz low-frequency oscillator and a 7 kHz high- 
frequency oscillator. Controls on the front panel permit a rapid selection of a composite 
test signal having fixed low-frequency to high-frequency ratios of 4:1 or 1:1 plus a var- 
jable ratio of greater than 16:1] to 1:1. The amplitude of the test signal is controlled 
by an accurate 10 dB-per-step attenuator with a range of 70 dB and by a 10 dB vernier 
control. The amplitude of the composite test signal can be measured directly in peak 
equivalent rms single tone voltage or power. This parameter, specified by the Institute 
of High Fidelity for IMD measurements, is defined as the voltage or power level of a sine- 
wave signal having a peak value equal to the peak value of the composite IM test signal. 
The ability to make this measurement eliminates the need for meter reading conversion or 
matching oscilloscope waveforms. 


The IMD option combines with the Model 1700B input circuits to provide the option 
with a differential input configuration. In operation, the IM analyzer is capable of 
measuring IMD at all power levels between one milliwatt and ten kilowatts across eight 
ohms, with a residual intermodulation distortion of less than .0025 percent (.004 percent) 
at one milliwatt). Meter sensitivity ranges from 100 percent to .01 percent full scale. 
The analyzer can also measure the LF-to-HF voltage ratio of the IM test signal from (a) 
input to the device under test or (b) output from the device to the analyzer. When the 
analyzer is used with a Model 1700B fitted with Auto Set Level (Option 003) it is 
possible to perform IMD testing within the range of one milliwatt to ten kilowatts with- 
out adjusting the SET LEVEL control. This feature facilitates testing volume compressors/ 
expanders and similar non-linear devices. Operation with the Auto Set Level option also 
permits the user to switch from Total Harmonic Distortion (THD) testing to IMD testing 
without having to make adjustments to compensate for the frequency response of the device 
under test. 
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SECTION V - SPARE PARTS 
5-1. INTRODUCTION 


This section contains information for ordering replacement parts, and provides the 
following details: 


a. The Sound Technology part number. 

b. Circuit diagram reference designator. 
Ge. General description of part. 

d. Total quantities used. 

5-2. ORDERING INFORMATION 


When ordering replacement parts, each part must be identified by a Sound Technology 
part number. To order a part include the following information: 


a Instrument model number. 
b. Instrument serial number. 
Cs Description of part. 
d. - Function and location of part. 
Address your order or inquiry to: 
Sound Technology 
1400 Dell Avenue 
Campbell, California 95008 


(408) 378-6540 
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SS 29, FB, 41 
= - . 2 ——— =, s By st eee 
ieee 1108-1330 RES-FXD 3.3K SX 14t 2. 
FART NO DESCRIPTION ory R29, 26 
RAGL. 116 Prd 
RAGS. 115 R42 
1685-1276 RES-FXD 2. 26K @. 250% 416M MF 28 44108-2108 RES-FXD 16K Su 41-4W a 
RLGS, 117 Rig. 22. 4z 
Rie7. 116 pots 
Risé. 115 REz 
16G5-1297 RES-FXD 3. S7K @. 25% 18M ME 24a 4460-24108 RES-FED 100K S% 4¢4u 4. 
PAGS. 114 RZ 
R164. 112 Rea 
1685-1787" RES-FHD 7. Srk G. 25% 1SW MF 2. 1166-2290 FES-FHRD 390K SH 1-44 4. 
R1Gz, 112 Ri4 
RAGS. LAL RIS 
3615-6083 SWITCH-PB. 16 STA-4P 1.6 1416-8002 RES-YAR SG TRIMPOT CERMET 4. 
Z1568-8Ge2 SPACER-PUSHBUTTON SW. DCGBONE 4.4 RS 
61786-5662 PC BORRD-OSC FREQUENCY 1.4 1416-G064 RES-VAR SK TRIMPOT CERNET 4. 
R26 
1416-9806 RES-VAR : 2 : q 
a4 Fees szeees ASS ec. 14i9-aaG¢ ee YAR iM TRIMPOT CERMET 4 
SSC ILL AToOF 26608-8605 CAFP-FXD SPF 16% S@@Y MICA Zh 
PART NO DESCRIPTION | oT? CA 
BEGO-GEE41 TRANS 2N=644 PNP SI za 2ege-Be22 CAP-FRO 22PF 5% Seay MICA 1 
a2, 2,5 c4e 
BOeS-GeeGG TRANS ZNZQ5=Z NPN SI 1a 2QG0-G622 CAP-FHD S=PF 5% 5@64 MICA ie 
te Csr 
BE2Z5-BGGG8 TRANS-FET VCRZN N-CHAN 1.6 2666-8856 CAP-FXD S6PF oe see'’ MICA ay 
ad c2 
B18G8-8Ge1 IC-OF ANP Fai 4.4 2026-8680 CAP-FXD @ GLUF 16% 16@7 MYLAR 2 
U2-5 erates 
@LG@-Gea7 IC-OF AMP 2ees GRADE 2 FED 14 2620-6682 CAP-FKD @. 1UF 16% 166 MYLAR 2. 
UA ries 94 8 Are 
6110-8688 IC-TINER 556 430 2a25-a0ea CAP-FXO @ G@LUF 1% S3V PLYSTR at 
Whe Css 
@2A0G-GGG0G DIODE-GEN 1INS44A SI 46. 6 2025-8602 CAP-FHD @ GLIUF 1% ZEV PLYSTR 1. 
CRE-6, 8-1 cz2 
@265-Geae2 PHOTOCELL-LED GRADE 2 RED 16 2625-80086 CAP-FRO @ 1UF 1% 32Y PLYSTR a 
“ ests ois: 
Ur ; = 
1085-2158 PES-FED 15. 8k 8. 252 4-8u ME 2 a 2625-0809 CAP-FXD 1. @@7UF 1% 16@¥ FILM 2 
Ri. 2 ‘ Cza, 34 
4615-6168 RPES-FRD 186 41% 4-8 ME 1a 2025-0016 CAP-FXD . 6@6SUF 2. 5% 6zv PYSTR 2 
RAS C2GA, =4A 
40415-G216 RPES-FED 246 4¢ 1-8 ME 14a 2625-8618 CAP-FSD @ @@9SUF 1% 62Y PLYSTR Hh 
R25 2 : C36 
R2= C31A. 35A 
1@15-1222 RES-FKD 2. Z2K 1¢ 1/8W MF 1.8 2625-6623 CAP-FXD S2GPF 1% 62¥ PLY'STR 1. 
RS cz 
1615-1292 RES-FED % 92K 4% 1/8 MF 4168 2046-0860 CAP-FRO @. G1UF 1864 CERAMIC 14 
R= Cit. 12. 21-29 
4415-1422 PES-FED 4. 22K 46 14-8 MF 14a 24160-8800 CAP-FXD 4. 7UF 16% 25 TANT 2. 
RLS CS, 168 
1815-1464 RES-FXD 4. 64K 18 48h MF i UT a) ect Acc SI a gam a 
RAZ ce.14.15,18 
1615-2186 RES-FXD 16K 46 41-8 ME 1a 2186-8682 CAP-FXD 18UF 254 ELECT AL 2. 
Rig CS.19 
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& 


FART HNO 
2168-8664 


2166-8885 


2166-003 


3165-88 
3165-8661 
3158-6682 
2486-9868 


“Jom PD 


ad Ses — 
AMAL FPR 


FART NO 

1665-1176 
1865-1198 
1AaSs-—1226 


1685-1264 


168S-1rsr 


1e65-i18e7 


1665-21688 


1166-BESa 
1Ligeu-69ib 
11I6@-1124 
1166-1156 
1188-1266 
1166-1276 


1166-1476 


B= PC BOARRD- 


DESCRIPTION 


CHP pape sure oN ELE Gres ae 
C26 

CAF-FXD S@UF 25 ELECT AL 

C4 

CAP-FxAD S96UF T2V ELECT AL 
C3. 6 

CAP-FXD 1UF 35V ELECT TANT 
CAP-VAR 7-SSPF TRIMMER CERAMIC 
C39, 41 

SWITCH-PB. 4 STAC2 SPACE)—-6P 
Sr 


SOCKET-IC 8 PIN ROUND 
SOCKET-IC 14 FIN DIP 


SPACER-PUSHBUTTON Sh. DOGBONE 
REEAY=2 PORN & 

Ki. 2 

HEAT SINK-ROUND FINNHED TOS 


HIRE JUMPER-&. 2 CTRS. PYC INSUL 
TERMINAL-BIFURCATED. SWAGE-IM 
OSCILLATOR 


Seat AS Ste. 
PIC 

DESCRIPTION 

RES-FSeO 1. 76K @. 25% 18H MF 

R1i2 

RES-PXD. 1. 98K @: 252 17S ME 

R27 

FES-FRD 2. 26K @. 25% 16h) MF 

R26 

RES-FRD 2. 64K @. 25x 1ch MF 

R25 

RES-FxO 3. 16K G@ 252 41-6 MF 

R24 

RES-FRO =. 97K @. 25% 18H MF 
5. 36K @. 258 18M MF 


RES-FRD 7. 87K 8. 25% 16H MF 


Rei 
RES —-FPeb Sa erKkee) Zan Tshiink 
Ri 
RES-FRD 16K &. 2a% 13H MF 
Rg 
RES-FHD 141.4K G@. 25% 1°Sh MF 
RS 
¢ RES-FaAp 1s. Sk 8, 25. 1 7Shh Me 
Rr 
RES-FRD 15. SK 8. 232 175M ME 
R28 
RES-FXD 16. GK @ 25% 1°8H MF 
Re 
RES-FaD 28K G@. 2an 13 MF 
RS 
RES-Pab 2ev TK BY 254) 27sh Ne 
R4 
RES-Fab so rK Bo 254 1.7 sh MF 
R= 
RES-FeD £3 6K @&. 2a L’Sh MF 
RZ 
RES-FRD 6o@ Se 1.74 
Ria 
RES-FeRO PSE Se 14h 
Ris 
RES-FeRD S18 Se 1-4 
Ri? 
RES-FeD 1. 2k SH 14h 
R16 
RES =P Dele hancah aca 
RAS 
RES-FAD 2k Se 14h 
Ri4 
RES-FRD 2. ¢K SH 14h 
Ris 
RES-FeO 4. 7K Sh 14H 
R12 


hy 


Ne 


= 


T's 


Me on 


RNB 


a Kee See 


PART WO 


11668-21668 


3615-6884 


3158-4882 
617 5e8-Seea4 


DESCRIPTION 


RES-FPeD 16K 3% 


Raid 


SWITCH-FB:, 


Sg 
SPACER- 


PUSHBUTTON Sid. 


14h 


16 S7TA-6F 


DOGROME 


PC BORRD-ANALYZER FREQUENCY 


=a tas pti | peed Gs 


AMAL PIT Pr Pi;__iecr 


Hoag oaaes 


. 8 
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PART NO 
2825-8861 


22635-8806 


PART HO 


HEE 


G1868-Heaeas 


8188-8818 


Ai 8e8-ee14 


HE05-88H1 PHOTOCELL-LED 


3 CAPR 


DESCRIPT I 


CAP 


ce 


CAP-FXD 6. 


t4 


CAP-FRD @. 


cs 


CAP-FEHE @. 


cS 


Cig 
chi 
C2 
CAP-FRD 2 
Ce 
CAFP-FRD 
Cr 


FED 2 


CRF-VAR 4. 


C1 
SWITCH-FE 


SPACER-PUS 


—-FRO &. 


Feo . 


FHD &. 


S6GQPrF As 


2 + STAC 


itd 
HASUE 3 Ves za PLYSTR 


G@GS2uUrF 14 23 PLYVSTR 


S20re 1) sh PES TR 


BS2UrF Le Ss FEVSirR. 


2UF 16 186 FILM 
SZ2UF 1% 1647 FILM 


BPRS tes Pies 


2OPF AN BEV PLY'STR 
62V PLYSTR 
S5-26FF TRIMMER CER 
SPACE 2-6P 


THEUT TOM Sh. DOGRONE 


PC BORRD-NULTIPLIER 


ANALYSE 


DESCRIPTI 


A3G1, 263, 
TRANS ene 
BLGeys1 
TRANS 
41 G4 
TRANS—FET 
OLS. 1H 
Ic-COMPAR 
UL. Bae. 
Ic-orF AMF 
Une. Seid, 
IC-BAL MO 
USES. SAF, 
Ic-nF AMP 
UiLe4, 2e4 
Ic-oP AMF 
ULeS 

Ic-crF AME 
UAB. LaS 


DEO eae ce 


UZEL. 
Tc-cF 
LIZGz, 2@4 
IC-OP AMP 
We 
OP-AMF =e 
W185 
DIODE-GEN 
CR1G1-168 


242 


DIOGE-ZENEFR 


Ga Baber bait: 
DPTQDE- 
CRE84, 265 


W235 


AMP 2605 


ZENER 


Ot 


-SGG1 TRANS 2Nsé44 FHP oI 


abe 


HFM SI 
MEMNSLIC Nos P-CHAW 


ATOR 74 
2H6 

Pad 
205, Sas 
D“DENOD 
core 


i 


2 S43, 311-35 
1436 


14 


2685 GRADE 1 EBROMM 


#685 GRADE 3 ORANGE 
GRADE 4 ‘VELLOW 
GRADE 3 GREEN 


GRADE & E8LUE 


be 


ANSI4A SI 
»1@9-116, 119, 121, 


AN?SS 7. SV 


261-206, 


ANSS&SA 12" 


GRADE 1 BRON 


OT: 


SAIS, 


lal 


(ISN 


PART NO 
8285-Geaa4 


H2E5—-HabE. 


1Le@63-2188 


195-2796 
1845-618 
“4015-0021 
1G15-Ga56 
1815-8908 


1815-G216 


1615-1258 


1615-1226 


1815-1715 


1615-1758 


1615-21148 


1166-1236 


DESCRIPTION 


PHOTOCELL—-LED GRAD 


USE 
PHOTOCELL—-LED 
UZE?. ZaS 
RES ita bs 
Riis, 116 


RES-FXD 18K a 


Ri2i-124 
RES-FAD 15. Sk 
R263 

RES-FxD 73. 6K 
ReBe 


ial Se oe GS Fs Oe ats B= 


RiLSea. Sa 

haa ak 24.5 
Ri4?. 236. 22S 
RES-FAD 56. 2 
R248 


EES-PAb) Su 3) le. di 


Ride 


RES -Frb si6 Lan ieck 


Re62 


RES-FRO 462 15 1s 


Ra2s 


RES-FXD 4K 1% 4, 
R126. 128, 201. 225. 2 
RES-FHD 4. 24K 4% 1/8M ME 


R202. 


RESP RD Sk A 


ISS, EPA 


ie 


R122 
RES-FXD 7. 15K 
R166, 214. 


SSeS ay Grae ina] a) oe Bars 


R123. 164-4 


Riz 
RES-FX 


Rilz4 


RES-FRD 47. SK 1s 


Reis 


RES-FxRD 49. SK “Ls: 


PLE 


RES-FRD 16 Se 1-4 


R242, 263 


RES-FXD 22 5% 1-4 


RLS e: 
RES=FAe : 


Rede, 247. 
Yoga sied a 
Re: oe 


alee AK ie 


Risé, 151. 167. 
RES-FXD 4. 5K 


9, 257) 264 
RES-FeD 2. 2E 
Reid. S65. See. 


RES-FXD rege Peet ee 


Neeeu %, 3K SH 


R221. 
RES-F ab ie 
FSL5, 44, 2 


p 


13-173 


Lee 


ass) as ea =. HSK 1s 


> AGK 1” 
R1ds, 204, 285, 207 
RES-FXD dik 41x 


Fa Sl ecize 


i 
16 Sr 


, 
on 


PART HO 
1168-1518 


1188-2186 


Lise-2158 


Li6e-418a 


1416-Gaas 


1416-88685 


14i16-8ea7 


1411-8886 


2OGH-H268 


2888-8318 


2168-8866. 


2160-80087 


2615-8888 


2615-8661 


DESCRIPTION 

RES-FHD 5.1K Sx 1/4 
Rids, 114. 127. 35a 
RES-FRD 18k Sh 14W 


Riss. 207, 08. S17, 215. S3G, Z31, S47, 34 


ee, 


Soa Stes oem + se 

Re SF ao oe ee 

R2o42. 244 

RES-FHO 18k Sh 14h 

R213 

RES-FxXD 27K Sx 14H 

R241 

RES-FeRO SEK SK 1-4 

F216 

RES-FRD 166K SH 1-4 

Rize, 131.126. 261. 262 
RES-FRO 1M Se 1-4 

Riss. 154. 169 

RES-FRO S@@ 24 WH 

Rill. 112 

RES-VAR 166 TRIMNPOT CERMET 
es Bengal eecte i ita Pek eer eke) 
RES-VAFR LK TRIMPOT CERMET 
Rid6. 237 

RES-VAR 1eG@K TRIMPOT CERMET 
Ri2S. 217. 234 

RES-VAR 28K TRIMPOT CERMET 
RSS1 

RES-VAR LE TRIMPOT WHIREWOUND 
R=64 

CAP-FRD 18PF SA See MICA 
CAGS, 166. 145, 1141. 261. 265, 266, 263, 
CAP-FSeD TePF Se Seay’ MICA 
User ab 

CAP-FeROD 22FF Se See’ MICA 
C282 

CAP-FRO 27FF Se See’ MICA 
C149. 1687 

CAP-FeRD 4°PF Sx Sea’ MICA 
S228 

CAP-FXD SiPF Sx Seo’ MICA 
Cizs 

CAFP-FRO S6ePr Se See’? MICA 


C14. 165, 114. 124. 148. 282. 284, 267: 2 


GHP-F Re S2PF oS) See: MICA 
C211 

CAP-FeO 16@PF 3S See¥ MICA 
C345, 346 

CAP-FHO 27ePF Sa Sae'’ MICA 
fees Lia Lee ws Ee 

CAP-FxD S6G@PF Sh Seea'’ MICA 
Cisz6 

CAP-FeO 918PF Sx S66" MICA 
Ci23 

CAP-FRD & G@22UF 16% 166 MY'LAR 
CSid, 322 


; CAP-FHeD @. 1UF 14% 1a6'’ MYLAR 


C121 

siete el 2 [ea meees Ulta ayy Ves eo Sa flee 
Hea bees ha heey 

CAF-FSeD & GLiUF 19@'’ CERAMIC 

ay 14; 2-147. 213-226. 221, 227, 
228, 221-3234. 327-344 

CAP-Fat & 1UF 25 CERAMIC 

Cid. 141. 215. 228. 225, 326. 229, S20 
CAP PRA ee over mele rls 

C218 

CAPE DUR eon eee AL 

Ci#8, 127. 262. S63. S66. FHF. 316. 315 
CAFP-FRD 1.0GUF 2oyv seEEe Tene 

CiAZS. 126. S64. 265, 268. 2195 

GAP SPA eur Soe EET arte 

C2he. 269 

Stil (CHP Bae2 nih eo ore 

5161, 142 

SWITEH-PB 4 STACL SPACE s—2P 
Si82-166 

SOCKET-IC & FIN ROUND 

SUCRE est Po Oe 


LS) 


Lh] 


hd 
tal Led 


Qo @ 


PART ot 
31536 
3480-01 
a-BE 


: a al Bf 
mm fy 


! 

a 

= 
= Soo & 
Om BM & 


BOS 


DESCRIPTION 
SPACER-FUSHBUTTON Sk. DOGBONE 
FUSE-1¢8 AMP. ZAG 

CLIP-FUSE, PC 

HEAT SINK-ROUND FINNED TOS 
WIRE JUMPER-@, 4 CTRS.P¥YC INSUL 
WIRE JUMPER-@. 2 CTRS.PYIC INSUL 
STANDOFF- 4-48s3-'4, 14 HEX 
TERMINAL-BIFURCATED. SWAGE-INM 
SHIELD-BUFFER 178GR 

FC BORRD-ANALYZER 


PESCRIPT ION 
TRANMS—-POWER 
HEAL. BES 
IG-REGULATOR Yves. PIP 14 FIN 
UA, 2 

OIOCE-FECT 1iN4eaea2 SI 
CREeG1—-618 

RES-FRD 4. 22k 1s 1H MF 
read 


SMSES5 NEM SI 


e4 RES-FeD 4. 64K 416 1-°SH MF 


1eisa-t7S 


SUS h bap Cater 


| 

i (S) 
OOO & G 
JoOrRP OR 


om Mh Mm Mm wo 
{ 
Gi 
& 


i 
i! 
Gh Mm mM ow om 


Qi fhe oo 


=) On oh on 


a 
Ee a 


Rees 
RES-Fav tae tok ie eh ie 
rele 
aD eerie. Lesh rie 


RES-FX {GIS Conall Moke) lee 4 
Reese. 612 

RES-FeOD 2. 2K Sx 14h 
REGS 

RES-FHO =. 3K SH 1-4) 
Fett 

RES-FRD 15K SH 14H 
Rear, 61S 

ee ee SEA VOHMy) 25a Le 


Py DoS Sh Ml 


VAR Se TRIMPOT CERMET 


SO 16GPF Se See’ MICA 


nn: 
a 
& 
G 
= 
a 
a 


Lee MYLAR 


a 


BoOUr seo See Gels 
8a. 618 
| 2av (el ECT SAL 


ch 


FRO LaG@-25ae8UF 46-Sea' EL 


Co eS fw es 


} 
a 


=686-4266UF 46-Sa' Et. 


te fe) (Cacta fe) ee) ee) eee ea 
HAOIMKGIMOMAOADA DH i 
iISVTPVR WV DS 


- 


INSULATOR TO-= TRANSISTOR 
THSULATOR-TRANS, Te-3 NWYLOM 
HEAT SINK -TOS 

SCREM fe & Ife POLIT FAM Ho 
LOCKWASHER-ExT #6 

NUT-HEX 6-22 % S16 
TERMINAL-BIFURCATED. SWAGE-IM 
PC BORRD-POWER SUPPLY 


S818 ASSP o 
PEG Sno Orsi 
DESCRIPTION 

FES-FED 47. 4k @. 25 18M MF 
R54 

RES-FXD 19. 6K @. 25% 18M MF 


i; RES-FPAD 22. 6K G 250 17S Me 


. B25 1S MP 


RES-FHOD 166K 6. 25% 16H MF 


QT 


a 


FRAN NWA SW 
Hagan qaunanag 


PRA O RMN 


mG Dh om 
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PART NO 
LHBS—-S115 


1615-2261 


a es ae Sa fe cee Sa eo es ee — 
a AMAL Fee 
PHRET Ma 


DESCRIPTION 


RES-FxD 
Re4 
RES-FRD 
RSi 
RES-FRoD 
Roe 
RES-FeD 
R43 
RES-FRD 
Rte 
RES-FRo 
Ra? 


Ss RES-FaD : 


RSS 


RES—-FRO 


RES. 46 


RES-FXD ; 


R31 


RES-FSRo ; 


R=G 


2 RES-FRD 


RE 
RES-FEO 
Ree 


reed GUE 


R45 
RES-FRe 
R44 


RES Fai < 


Raz 


RES-FSt 


R42 
RES—Fep 


2E S-F RE 
R48 
RES-FSE 


SHITCH-FB. 


sia 
SPACER- 


CESCRIPT 


RES-F ME 
RFS 
ES-FxD 
RPL 


) RES-FaAb 2. 


RFa 
RES-FXD 
Ree 
RES-FxD 
ee 
RES-FRD 
R6z 
RES-FxD 
Fee! 
RES-FxD 
Re? 
RES-FxD 
Fee 


1 RES heb 


ReaS 
RFES-F eo 
Red 
RES-FHo 
Ree 
FES—-FRD 
RSS. Get 


LASK 


2a 1h 2 sts tir 


B4.6K 4% 48H MF 


mies Ste kes Slbetes) ale 


aes Od obi Bical PS alae 


PUSHBUTTON Std. 
PC BORRD-AMALYSER 


=F 


IGN 
17 eK 


eas] a) -4 


ha 
iT 


“s 
= 


267K 


BE4k 


BFK 


i) 


9. 234 L8H MF 


ZEAE ASH MF 


edie, oh MF 


. da 17SH Me 


{4x LS MF 


Gas eGr5 aletsihy (ule 


SD Sh Me 


eo ees hatelUy Tals 


SST Say jg ates 


4% 48M MF 
1% 1°SH MF 
12 12H MF 
1x L8H MF 
1% 48H MF 


sts Shea leils 


LM cle hea ie 


SSK 


oh ol] 


esti 


ab Tay | 


mee L."4h 


Se Leth 


2 ee Ltd 


ae. 14h 


Seo Led 


ae. Led 


DOGBOME 
FREGUERMIC'y 


Reet leer 3) peel EO 


MmrmaiT 


QT 


PART NO DESCRIPTION GT's S41 Pee Seen t CNT Shr ecH 
11668-4266 RES-FHO 2M Se 1-4 16 wo: SE PME 47e86F1 
— rr 


Ra 


“ey LEE a EE al ot PART NO DESCRIPTION aTY 
188-4270 RES-FXO 2. 7M SH 1/Sb 
ae ad ; Hadid ont At ae 19G8-GGG1 RES-FXD 162 @ 4% 41/8u 1.6 


= syne = = RAd4 
11668-4296 FRES-FSD =. 3M SH 1-4b. 1. & 
RSE made aie 1aG8-B8G2 RES-FRD 952 G.4x 1/8 a 
inp = the | a eee ey R1LS 
LiBe-4een RES-FPRD & 2M SH 14h 1 6 ase 
RSS i ani Sh IBG8H-886S RES-FHD 3. 92K 8.41% 1-8 al 


tact 


F Metote FS Pe 7a ° Riza 
2615-G604 SHITCH-FB. 16 STA-6F 1.6 2 ot a 
Decay fe ate AGOS-G221 RES-FMD 221 6. 25% 1¢8H MF 1. 
E sinc ki eet Wald othe R14z 
AGG2 SPACER-PUSHELITTON SH. DOGBONE 4.4 45 spate A OE GAR RNC PI i ite as 
a-SG84 PC BOARD-ANALYZER FREQUENCY 1.4 pode Gane onan Canal ie, TAROT A 
1AGS5-1162 RES-FXD 1. 62K 6. 25% 41/8M MF a 
BaF ee—-Seaea1S ASSP. Ragrr aia 
; CARL) oP ee 16@5-1221 RES-FXD 2. 241K 8. 25% 18M MF z. 
1S =a = —P- ™ “3 
hae SS ae elton | Vendo ie Nae : Ried, 199,444 
PART. Mio DESCRIPTION GT" 1685-1698 RES-FRD 6. SSK @ 25% 16h MF zs 
1885-2174 RES-FSD 17. 4K 6. 25% 1°SW MF 2. 4 P102,108,142 1 
Mates tee tS 1GA7-2221 RES-FXD 22. 1K @ 25% 1°2H MF 2. 
1O85-2198 RES-FXD 19. 6K 25% 41°8H MF 2.8 Spe ee 
R126, 125 JOS-2E9S RES-FXD 69. Bk O, 25% 3 
_ Riz fraps Gea 1ABS-L69S RES-FXD 69. 8k G. 25% 4M MF “ 
4885-2226 RES-FHD 22. 6K 8. 25 13H MF 2.4 Rigi.1g6. 5 
1 eae PES-FHD 2 . i : 4188-2560 RES-FKO Sék SH 44t 4. 
AGLS-2264 RES-FXD 26. 4K 1H 4/eH MF 2.6 ae 
JAGG-29108 RES-FXD 316K SX 44t 4. 
£48 18h MF 2.8 Sade 
i-GGG5 CAP-FXD SPF 16% 5GQ4 MICA 2.6 
‘EOL Let MF 2.8 ClLF, 116 
3618-G6G1 SHITCH-ROTARY. INPUT 14706A 4. 
4AM Leh MF 2.6 ot 


R121, 120 
AGL5-2787 RES-FRD 78. 7K AN ASH ME 2 8 
R1IZG. 129 AaLPTeas—2eae015 FATIO smwircHw 

et ck ey 28 ASSenMetyY a7e0R 
_ sore ad) Av AR ae ecm cma ns pac . . PART NO DESCRIPTION oT 
heme theo. aie oe 1.8 4805-475 RES-FXD 475 8 252 41/8W MF 1.8 
ee ee ee eROne 4.6 4885-8698 RES-FXD 690 @ 25% 1/8H MF 6. 4 
PC BORRD-OSC FREQUEN te tS 25 : 

a 


1.@2K @. 25% 4-obhl MF fT £ 


ea Fert Sea Ml Sa Je ac Soe jl Sa fen Ec) fa ad al 
| Oot Fy Os FFE = FC fe 2 ts ET) 
PART Mo DESCRIFT ION QT" 14196-8268 
lato st re ReS-hab drab i LaShiie 2 
Bra =-L88-Se81 
Ate 3 MF 2. 8 


eo. 1K te 16h ME ae 


368 Se 1 ‘AL 1.6 
(Oy MF 2S¥ ELECT. AL 2. @ 


Lame Die Eero Abs 2.4 
aed 
S1ee-aeee CAP-— FM rs 1eGUF 25 ELECT AL 2.8 
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